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PREFACE 


Several years have passed since standards for high-definition 
cathode-ray television transmission were set up in this country 
and in the U.S.A., and although the war years have retarded 
progress, at least in a direct sense, the soundness of these 
standards has been proved by the satisfactory performance of 
normal commercial receivers. In view of the decision taken 
in both countries to resume transmissions on the pre-war 
standards, and of the prevailing economic situation, it seems 
unlikely that radical changes will be made in the transmission 
standards for some considerable time. It is felt, therefore, that 
television technique may be regarded as stabilized to an extent 
that justifies a systematic treatment of its basic principles, 
particularly in regard to reception, since receiving equipment 
is more likely to conform to a general pattern than transmitting 
equipment. 

The urgent demand, by the engineers of a receiver manufac¬ 
turer’s servicing organization, for a lucid, descriptive treatment 
of reception principles (as distinct from the existing literature, 
which deals with television from a more specialized, advanced, 
or comprehensive point of view) was responsible for the produc¬ 
tion of this book in its original form—as a short correspondence 
course. With the present increase of interest in, and production 
of, television equipment, it is felt that the book may be of 
service to a wider field. 

Accordingly, an attempt has been made to describe in 
clear, direct, and accurate terms, the principles underl3dng the 
technique of television reception. The treatment is qualitative 
and entirely non-mathematical, such mathematical aspects as 
are of fundamental importance being relegated to an appendix; 
it is, however, largely theoretical in that it does not deal 
primarily with practical details of design or servicing. Since 
interest is centred on principles it is logical to have dealt to 
some extent with American technique, and it is hoped that 
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the selection of examples of circuit design for both standards 
will provide a better understanding of the art generally without 
leading to confusion. 

The book may be divided into four parts, as follows— 

(i) A general outline of the complete television process 
(Chapter I) as standardized here and in the U.S.A., for mono¬ 
chromatic reproduction; this brings out the more advanced 
nature of television technique by comparison with ordinary 
sound broadcasting and justifies the reinterpretation and exten¬ 
sion of basic signal and circuit theory given in Chapter II. 

(ii) Stage-by-stage examination of the complete receiver 
working in conformity with established design and servicing pro¬ 
cedure, from the picture tube and its auxiliaries (Chapter III) 
through the scanning ((Chapter IV), synchronizing (Chapter 
V), and signal (Chapter VI) circuits to the vision receiver 
input. These chapters are followed by a review of methods of 
receiving the sound signal (Chapter VII) and in the succeeding 
chapter (VIII) several complete circuit schematics of com¬ 
mercial receivers in current use are described in order to 
coordinate details given in the preceding chapters. 

(iii) A description of the receiver accessories, namely the 
aerial system (Chapter IX) and test equipment (Chapter X). 

(iv) A review of the problem of television transmission in 
natural colour, followed by an account of the two basic methods 
demonstrated to date. 

Each chapter includes a selection of suitable references 
which, together with the general guidance presented in Ap¬ 
pendix II, introduce the reader to the general literature and 
facilitate further study. 

Particular care has been taken with terminology; the 
British usage has been preferred where variation exists and a 
list of equivalent terms has been provided for the benefit of 
American readers. (See p. xv.) 

In view of the modern preference for the terms ‘^resistor” 
and ''capacitor’' I have felt it desirable to adopt "inductor” 
and reserve "coil” for actual windings only. Since a practical 
"coil” may in fact consist of several windings on a built-up 
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magnetic core and enclosed in a screen such a distinction would 
appear to be justified, and while this decision may be question¬ 
able in the case of scanning and focusing ‘‘coils,” it has the 
merit of allowing consistent use of resistor, capacitor, and 
inductor, which practice is becoming more general both here 
and in the U.S.A. 

The book is published by kind jx^rmission of my former 
employers, R.F. Equipment, Ltd., of Langley Park, Bucks. 

I am fortunate in having worked under such pioneers as 
Messrs. O. S. Puckle and W. H. Stevens and am deeply grateful 
to the many members of the television and service departments 
of 8obell Industries, Ltd., who co-operated in producing the 
original MS. In rewriting and expanding the latter I have 
been fortunate in obtaining a great deal of information from 
commercial firms in this country and in the U.S.A.; these 
organizations are listed on p. x. 

I am grateful to Mr. 1). Clatworthy for assistance with the 
drawings. 

I would be glad to receive (through the publishers) notice of 
errors and suggestions for improving the text. 

In conclusion I would like to acknowledge the tremendous 
amount of help and encouragement from my wife Barbara, 
but for whom the book could not have been written. 

A. W. KEEN 

Harrow 

December t 1947 
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CHAPTER I 


AN OUTLINE OF THE TELEVISION PROCESS 

By the eomri<cuceii)<‘rjt of the late (1939-45) uar television 
broacleasts, ranging ir<irn irregular commercially sponsored 
transmissions t<^ regular public broadcasts, were being made 
in several countries, notably Great Britain, U.8.A., Germany, 
and France. Even before that date some degree of uniformity 
had appeared in methods of transmission and, but for the 
outbreak of war, it is probable that the existing transmissions 
would have been carried on for some time without major 
changes, to allow the number of viewers to multiply sufficiently 
to warrant and support future develojnnent. The latter i)ro- 
cess has been delayed by the length of the war but since 1945 
most of the pre-war stations have resumed operation and are 
serving a steadily increasing number of viewers. A significant 
fact is the universal decision to (‘ontinue transmission on the 
existing standards. 

1.1. The Present Position of Television. The present position 
is that television in “monochrome” (black and white) by the 
high-definition cathode-ray process,^^’as distinct from the 
variety of earlier low-definition mechanical methods, is now 
an established practice, varying only in detail, in several 
countries, and it seems reasonable to expect that future develop¬ 
ments will be achieved by extension of the existing method.^^^ 
Nevertheless, while television, particularly in its receiving 
aspect, has crystallized to the extent of justifying the present 
treatment, it remains a comparatively new art by comparison 
with ordinary broadcasting and radically new techniques may 
well arise as development proceeds. 

Apart from its intrinsic interest the entire television process 
must be understood at least in general outline before an 
intelligent study of receivers can be attempted. Moreover, 

* Numeral superscripts in parentheses denote references at end of chapter. 
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2 PRINCIPLES OF TELEVISION RECEPTION 

reception is but a part of the complete process and it has been 
attempted (in the formulation of transmission standards) to 
make it as simple and independent as possible in relation to 
the remainder of the system. In the following sections the 
technique will be described step by step from the camera at 
the transmitter to the cathode-ray tube on which the scene 
viewed by the camera is reconstituted at the receiver. This 
description will be particularly useful to the service engineer 
not only in assisting differentiation between receiver and very 
occasional transmitter faults but in understanding the purpose 
and action of the special test equipment (e.g. pattern genera¬ 
tors) required. It will be assumed that the reader has a 
comparable knowledge of ordinary broadcast receivers, and 
this knowledge wiU be used as a starting point and drawn upon 
frequently throughout the book. 

1.2. The Problem of Picture Transmission. It is not often 
realized that there are certain imperfections in ordinary sound 
broadcasting. Consider, for example, the acoustic input to the 
microphone in the studio when a large orchestra is ‘'on the 
air.” Sound is received over a wide solid angle and over 
varying distances from the large number of instruments 
comprising the orchestra. Most of the instruments differ from 
each other in type and/or position, so that each represents a 
distinct source of sound of characteristic quality and changing 
continuously in pitch and intensity. The resultant sound 
pattern upon the microphone is evidently extremely complex. 
It will be noted, however, that no recognition is taken of the 
spatial distribution of the orchestral instruments or of the 
binaural (i.e. involving two ears) character of human listening, 
while it is necessary that the volume range be compressed to 
facilitate transmission. Fortunately the ear is not too critical 
of these factors and since the modern microphone is capable 
of interpreting with reasonable fidelity the resultant output of 
the entire orchestra, the music reproduced at the receiver is 
generally regarded as being satisfactory. 

It will be convenient to approach the problem of picture 
transmission in a similar manner to that adopted in the previous 
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paragraph. The place of the microphone will now be taken 
by a camera whose purpose is to produce an electronic image 
of the scene before it. This scene will be viewed by the camera 
as a three-dimensional distribution of point sources of light 
(cf. the separate instruments forming the orchestra) which 
differ in distance and angle from the camera lens; moreover, 
each “point source” will be characterized by the colour and 
intensity of the light it transmits (by reflection, direct radiation, 
or otherwise). In a still picture or scene this impression will 
remain unchanged ; in practice, of course, the actual scene will 
vary in some or all respects, and more or* less rapidly, through¬ 
out the programme. 

This brief analysis of the picture will be sufficient to bring 
out the much greater difliculty of picture transmission by 
comparison with ordinary broadcasting. It is not sufficient 
iperely to transmit an electrical equivalent of the varying 
resultant light intensity of the entire scene, but an equivalent 
for each j)oint in the scene has to be transmitted separately, 
together with sufficient information regarding the relative 
positions of these separate picture “elements,” in order that 
the picture may be correctly reproduced at the receiver. The 
eye is so much more critical than the ear that no liberties can 
be taken in this process ; on the other hand, it is the “ persistence 
of vision” property of the eye that makes television practicable. 
At present regular transmissions, such as that of the B.B.C. 
from Alexandra Palace, are “monochromatic” (in black and 
white) and two-dimensional, and it is unlikely that colour or 
stereoscopic (three-dimensional) broadcasts, other than existing 
experimental transmissions, will be made for a considerable 
time. 

1.3. The Action of the Electronic Camera. The initial process 
in television is the production of an electrical image of the 
scene to be transmitted. This is achieved in an electron camera 
using, basically, the well-known photo-electric effect, i.e. the 
property possessed in marked degree by certain metals, notably 
cagamnL of emitting electrons under the influence of incident 
light. It will be remembered that the number of electrons 
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emitted, for a given light frequency is proportional to the light 
intensity, but that the photo-electric sensitivity varies with 
frequency. Thus while the photo-electric effect provides a 
suitable means of converting variations in light intensity into 
electrical equivalents, care must be taken in the choice of the 
photo-electric material since its sensitivity must extend with 
reasonable constancy through the entire visible spectrum. 

Modern cameras are derivatives of the original ‘‘Iconoscope ” 
of V. K. Zworykin (R.C.A.)^^^^^ and a similar tube called the 
“Emitron” which was developed concurrently in this country 
by J. D. McGee, of E.M.I. Research Laboratories.These 
early tubes, which are still in use, will be taken to provide an 
example of camera action in view of their simplicity by com¬ 
parison with more recent developments. 

Referring to Fig. 1.3a it will be seen that an optical lens 
system is employed to set up a sharply defined image of the 
scene viewed by the camera, in the plane of a mosaic of photo¬ 
sensitive particles mounted on a mica plate inside the evacuated 
camera bulb. The particles may be regarded as tiny photo-cell 
cathodes. They are, of course, electrically insulated from each 
other, but have a common “anode” plate, carried on the 
reverse side of the mica, which is connected to a terminal on 
the envelope to allow connection to the external load resistor. 
The light focused on the mosaic causes each particle to emit 
in proportion to the intensity of the portion of the image falling 
upon it, so that a film of electrons (“space charge”), varying 
in density from point to point in correspondence with the light 
intensity of the picture image, is formed over the entire mosaic 
surface. 

The long cyhndiical extension of the camera bulb houses 
an electrostatic gun which projects a fast-moving finely focused 
electron beam on to the mosaic. Two pairs of inductors are 
placed around the gun neck at the bulb and when current is 
passed through them the resultant magnetic field set up inside 
the neck, i.e. in the path of the beam, causes the beam to bend 
and strike the mosaic at a different point. One inductor pair 
deflects the beam horizontally, the other vertically, so that by 



AN OUTLINE OF THE TELEVISION PROCESS 5 

passing regularly varying currents of suitable shape through 
them the beam is made to pass systematically over the whole 
mosaic surface. At this stage it is not necessary to understand 
the mechanism of the gun or the deflection system, since interest 



Fig. 1.3a. Cross-sectional Diagram of the Emttron Camera 
{Courtesy Ltd.) 


is centred upon the method of producing the electrical signal 
representing the picture. 

The action occurring at the mosaic surface under the effect 
of the moving electron beam is actually quite complex, largely 
because of secondary emission at the point of impact. The 
conventional simple explanation is as follows— 

At the point of impact of the beam the photo-electric emission 
in the vicinity is neutralized and since each particle forms a 
small capacitor with the signal plate any change of potential 
of the particle is accompanied by a corresponding potential 
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change in the plate and therefore by a current change in the 
load resistor. Thus, as the beam travels across the mosaic the 
load resistor current fluctuates in sympathy with the varying 
density of the mosaic emission and, therefore, with the amount 
of light received point by point from the scene being trans¬ 
mitted. It is preferable to regard the moving beam as a device 



Fig. 1.3b. The Emitron Camera with Cover removeh 
{Courtesy Ltd.) 

for releasing electrons point by point over the mosaic and the 
light from the image as modulating the otherwise uniform 
secondary emission. Photographs of an “Emitron’’ camera, 
a B.B.C. camera crew in action in the studio and an American 
studio are shown in Figs. 1.3b, 1.3c and 1.3d respectively. 

An important feature of the camera just described is that 
each mosaic element is aflowed a relatively long “recovery” 
period between successive sweeps of the electron beam and is 
therefore able to respond fully to the incident light, although 
this beneficial “storage effect” is considerably offset by a 
random (“masking”) signal (called “noise”) which is always 
present in the output and is independent of the incident light. 




Fig. 1.3c. An Emitron Camera Crew in action at the Alexandra Palace Station of the B.B.C. 



In the foreground is the programme producer: centre, the camera monitoring desk: and background, view of part of the studio. 

{Courtesy of the General Electric Co. {V.S.A.)) 
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Improved “signal-to-noise” ratio and storage efficiency have 
been achieved in developments of the basic design/^®^ firstly, 
by using secondary emission multipliers to intensify the output 
signal (R.C.A.’s Image Multiplier Iconoscope^^^^; E.M.I.’s 
“Super-Emitron^^^^) and secondly, by using a low-velocity 
scanning beam to minimize the ill-effects of secondary emission 
(the “Orthicon”^^^^). Both methods are combined in the 

Beginning of 



Frame Scan 

Kif!. 1.4 a. The Active Downward Portion of a Simfle Sequential 

OR l*RO(}RESSlVE ScAN 

“Image Orthicon,’’<i^^ whose design has also been influenced 
by an earlier tube, somewhat different from the iconoscope, 
known as the “Image Dissector,” which was developed by 
P. T. Farnsworth (U.S.A.).^^^^ 

1.4. The Scanning Process. It has been pointed out (§ i.i) 
that television involves not only the transmission of the elec¬ 
trical equivalent of light and shade but the separate treatment 
of each point in the picture; this difference is the principle 
one between the techniques of television and ordinary broad¬ 
casting. The pictures must be broken into small elements and 
transmitted piece by piece, moreover the degree of subdivision 
must be very great to achieve satisfactory “definition. I his 
process is known as “scanning” and may be simply explained 
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with reference to Fig. 1.4a, where the path followed by the 
beam in scanning the whole mosaic is shown. Starting at the 

top left-hand corner the 
beam is made to travel 
(nearly) horizontally and at 
constant speed to the oppo¬ 
site corner; it is then brought 
back at a much greater speed. 
These two sweeps are called 
the ‘Tine scan” and “line 
flyback ” respectively. While 
they are taking place vertical 
dc^flection is applied in a simi¬ 
lar manner, i.e. the beam is 
moved comparatively slowly, 
but at constant speed, down¬ 
wards (the “frame scan”). 
The overall result is the 
zig-zag path, called a “sequential scan,” shown in the 
figure. When the bottom—txf' the mosaic is reached the 
vertical deflecting force re¬ 
verts quickly to its original 
value (the “frame fly¬ 
back”). The process is then 
repeated. 

By this method every 
point of the mosaic is 
scanned once per cycle and at 
any givSrTlnstant'Ttie, signal 
output represents the inten¬ 
sity of one point only of the 
picture. It will be clear that 
provided successive line scans 
fall sufficiently close together 
the picture detail will be completely transmitted. Again, 
provided the complete process is repeated sufficiently rapidly, 
persistence of vision in the eyes of the viewer at the receiving 



Fig. 1.4c. The Downward (active) 
Portion of the Interlaced 
Scan 

Note that the frame flybacks are simplifled. 
(see Fig. 1.4D). 


End of Frame 
Flyback 



Bej^innin/^ of 
Frame Flyback 

Ftc. 1.4b. The Inactive Upward 
Flyback (re'jrace) of the 
Sequential Scan 
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end will completely restore continuity and obscure the fact 
that the picture is actually being reproduced piece by piece. 

The generation of ‘‘reversed” signals during the flybacks is 
prevented by cutting off the electron beam while the deflection 
fields reverse in polarity. The video signal amplifier is also 
suppressedblanked,” or “masked”) during the same period 
in order to prevent modulation of the transmitter by signals 
arising in this or any other 
manner early in the camera- 
transmitter chain. The fly¬ 
back traces shown in Figs. 
i.4p and 1.4 d therefore repre¬ 
sent the action of the deflec¬ 
tion fields rather than the 
actual movement of the 
beam. It is usual to allow 
the frame flyback a much 
longer period than the line 
flyback, and since it is un¬ 
desirable to interrupt the line 
deflection current the result 
is the zig-zag frame flyback 
shown in the figures. 

In both British and Ameri¬ 
can systems there is an im¬ 
portant complication in the scanning process; alternate frames 
are displaced by one-half of the separation between adjacent 
lines, thus producing two sets of scans (called “odd” and 
“even”) which exactly mesh, interleave, or “interlace” (Figs. 
1.4c, 1.4 b). The advantage of interlacing is that it allows flicker 
to be reduced without increase in bandwidth by comparison 
with an equivalent normally scanned picture, as will be made 
clear in § 1.5. It will be understood from Figs. 1.4c, 1.4 d that 
interlacing may be achieved simply by initiating the frame 
flyback alternately at the half-way point and at the end point 
in the last line of successive frames provided that the ratio of 
the line frequency (for the entire picture, i.e. one odd scan 



Flyback Flyback 

Fic3. 1.4d. The Upwaud Flyback 
(retrace) of the Interlaced 
Scan 
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plus one even scan) to the frame frequency is an integer plus 
one-half; for example, 10,125/50 ^ 202J in the British stan¬ 
dard. In Figs. l.Ic, 1.4 d each vertical scan comprises twenty 
full horizontal scans plus a half-line in the flyback so that one 
complete cycle contains 2 X 20i 41 lines. 

It will be helpful at this stage to 2 )rovide ty])ical numerical 
values for actual interlaced scanning patterns of the type just 
discussed; these are given in Table I, on a (unn})arative basis, 
for both British and American systems. 

Table I: Scanning Pattern Constants eok PitiTiSTf and 

AM KIM('AN S^■STKMS 


Parameter 

British 

American 

1 Standard 

Standard 

Ratio of picture (frame) width to height*^^ 

4 : .4 

4 : 3 

No. of lines per picture (frame) 

40;") 

525 

No. of frames (fields) per picture (frame) 

2 

i 2 

No. of lines per frame (field) 

202* 

2{\2h 

No. of pictures (frames) per second 

2;") 

30“ 

No. of frames (fields) per second . 

50 

()0 

No. of lines per sec^ond .... 

10,125 

15,750 


Xvtcn : (1) Same as for ciiioina (motion) pictures. 

(2) Terms in brackets are American equivalents. 

1.5. The Video-frequency Signal. The method of scanning 
just described sets a limit to the degree of vertical definition 
(amount of detail), because of the limited number of scanning 
lines employed. The definition obtainable in the horizontal 
direction (i.e. along the lines) is greater than in the vertical 
direction and depends on the effective overall frequency res¬ 
ponse of the entire system. 

It is necessary, of course, to have some criterion of the 
maximum frequency contained in the “video” (i.e. picture) 
signal and a useful approximation is provided by the “ picture 
element” concept. This is obtained by imagining the scanning 
lines to be subdivided horizontally to the same extent that 
the picture is split up in the vertical direction by the scanning 
process. Taking the British figures as an example, the correct 
picture width has been fixed at 4/3 times the height (we speak 
of an “aspect ratio of 4 to 3”); accordingly each line is 
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regarded as consisting of (4/3) \ 405 elements. Assuming* that 
all lines are modulated by picture signal (actually a number 
have to be reserved for synchronizing purposes) each picture 
will contain (4/3) > 405 > 405 . - 21S,700 elements whicli 
have all to be transmitted in 2.-, sec, i.e. at the rate of 218,700 
X 25 — 5,407,500 per sec. If adjacent elcnnents are black 
and white the resultant video signal will })e a scniare wave 
of frequency .1 r 5,407,500 2,733,750 c/s -- 2-734 Mc/s 

(note, each element produces oN-r half-cycle of liie square^ wave). 
[hi corresponding figure for the U.S. sysiem is 5-513 N/e/s. 
The maximum useful bandwidth iri the receiver is set by the 
etfeotive size of the scanning Hj)ot of the picture tube; usually 
this can be made suftici(>ntly small to justify a bandwidth 
somewhat greater than the estimate just derived, even in the 
American case. 

This result indicates that in order to take full advantage of 
a giv^en number of lines in the scanning pattern the entire 
television system from transmitter camera to receiver picture 
tube must be capable of handling modulation frequencies up 
to a corresponding minimum figure. Even in the case of 405 
lines per picture (frame) this modulation frequency (2-734 Mc/s) 
is greater than the carrier frequency of any broadcast station 
in the medium-wave band (550 to 1600 kc/s, U.S.A.; 550- 
1500 kc/s Europe). Again, the carrier frequency of the tele¬ 
vision transmitter is amplitude modulated (double sideband, 
G.B.; single sideband, U.8.A.) by the video signal, so that 
the bandwidth occupied by the R.E. signal is at least 2 X 2-734 
~ 5-468 Mc/s (or 1 X 5-513 Mc/s), i.e. over five times the width 
of the M.W. broadcast band. The video carrier must therefore 
be sufficiently high in frequency not only to accommodate 
satisfactorily the wide modulation-frequency band but to 
avoid interference from existing facilities. As a result, fre¬ 
quencies over 40 Mc/s are used and these have a reliable range 
that is of the order of tens of miles only. It will be understood 
now that interlacing allows a sufficiently high frame (field) 

* This assumption does not affect the equivalent fundamental frequency of 
the pattern, although, in making the calculation, it is usual to take the number 
of active lines without making a corresponding reduction of transmission time. 
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frequency to eliminate frame flicker without increasing the 
degree of definition of tlie complete picture; in fact, in the 
approximate calculation of the minimum fundamental modu¬ 
lation frequency just given it was permissible to ignore the 
interlacing complication. 

1.6. Reconstruction of the Picture at the Receiver. It will 
be understood that the electrical representation of the picture 


Fluorescent Screen on 
Inner Side oP Tube Face 



Frame Deflector 
Inductor 

Fic. 1.6 a. The Receivek (’athoi>e-rav Picturp: Tube 
(Note that all inductors arc outside the tube—their arrangement is shown schematically.) 


produced by the camera may be transmitted by radio in the 
same manner as the microphone signal in ordinary broadcasting. 
In the vision receiver the video signal will reappear at the 
demodulator output and, usually after amplification, it is 
applied to a type of cathode-ray tube specially designed for 
television reception. The simple cross-sectional drawing in 
Fig. 1.6a will be sufficient at this stage to show how the picture 
seen by the camera is recreated. The cathode-ray tube cohsists 
essentially of an electron gun and deflector systems similar to 
that used in the camera (cf. Fig. 1.3a) and the finely focused 
electron beam produced is directed on to a thin layer of 
fluorescent material carried on the inner surface of the flat 
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face of the large bulb opposite the gun neck. This fluorescent 
screen produces white light at the spot struck by the beam, 
which light passes through the screen and tube face to the 
viewer. The intensity of the light spot is (ideally) proportional 
to the intensity of the electron beam so that if the video signal 
is used to modulate the beam and the latter made to scan the 
fluorescent screen in exactly the same mann er as in the camera. 



FkJ. l.On. WaVEFOKM of the iScANNlN({-lNI>lICTOK ('ttrRENTS USED 
Fou Beam Defle(’tion in thpj Transmitter C'ameha and the 
Receiver Cath(^de-ray Tube 


then a reproduction of tlie original scene will appear on the 
tube face. In the absence of a signal a rectangular area of 
uniform brightness is produced; this is called the ^‘raster.” 

The intensity modulation of the electron beam is achieved 
by applying the video signal to a modulator grid placed between 
the tube cathode and accelerator electrode(s); in this respect 
the action of the gun is similar to that of the ordinary amplifier 
valve in which anode current (beam current) is controlled in 
strength (intensity) by the grid (modulator). The deflection 
currents for the scanning inductors are generated in “time- 
base” circuits contained in the receiver. Two such circuits are 
required; each produces a current of sawtooth waveform (see 
Fig. 1.6b), one for line scanning and the other for frame 
scanning. In most time-base circuits (line and frame) a saw¬ 
tooth oscillator is used to drive a current of similar waveform 
through the output stage, which has the deflector inductors 
coupled to its anode circuit. These points will be treated in some 
detail in subsequent chapters, since it will be necessary now 
to introduce the question of synchronism between the two 
ends of the television chain. 
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1.7. Synchronizing the Transmitter and Receiver. The fore¬ 
going outline of the methods adopted to convert, transmit, 
and recreate the picture should make quite clear the need for 
synchronism between transmitter and receiver. When the 
beam in the cathode-ray tube at the receiver is traversing any 
given point in its scanning field the instantaneous value of the 
modulating voltage (video signal) applied to the tube grid 
must correspond to the signal outimt of the transmitter camera 
at the instant when the beam in the latte?* is (covering the same 
picture point. Time dela^^ over the whole system is immaterial 
provided that it remains constant throughout the picture: 
the actual delay is, of course, extremely small. The essential 
requirement is the correspondence between the instantaneous 
scanning spot position and the signal voltage at the receiver. 

The method adopted to ensure synchronism is quite positive 
and relatively simple in principle. Each time base in the 
transmitter camera system (i.e. one driving the line scanning 
inductor, the other feeding sawTooth current to the frame 
inductor) is locked to a s(|uare-pulse generator (the first 
running at line frequency, the second at frame frequency). 
The same locking pulses are mixed with the video signal, which 
is cut-off (‘"blanked”) while each synchronizing pulse occurs 
so that the locking pulses are transmitted on the same carrier 
wave. At the receiver these synchronizing pulses are, after 
the composite video signal emerges from the demodulator, 
separated from the picture signal. The two kinds of synchron¬ 
izing pulse, ""narrow” (i.e. of short duration) for line synchron¬ 
ization and ""wide” for frame synchronization are then separ¬ 
ated and fed to the appropriate time-base circuit to lock its 
sawtooth oscillator. By this method the receiver time bases arc 
kept running at exactly the same frequency as their opposite 
numbers in the camera circuits and the flybacks correctly timed 
so that the modulation applied to the receiver C.R.T. grid is 
correctly phased point by point throughout the receiver scan. 

1.8. The Composite Video Signal. The picture modulation, 
representing instantaneous point-by-point variations of light 
intensity or brightness occurring in the actual scene viewed 
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by the camera, is rendered distinct from the pulses required 
for synchronizing purposes by allotting to each a restricted 
portion of the amplitude range of the carrier. In the British 
method the lower amplitude range of 0-30 per cent is reserved 
for the synchronizing signal, and the upper portion represents 
increasing brightness, from zero brightness, i.e. “black,” at 30 
per cent, to full brightness, called “white,” at 100 per cent, i.e. 
maximum carrier amplitude. It should be understood that in 
monochromatic transmission the latter range does not represent 
colour variation but variation in intensity of white from zero 
U]» to a maximum. The Americans prefer the upper range of 
amplitudes for synchronization in order to reduce the effects 
of ignition interference on the picture. This inversion causes 
the interfering pulses to drive the cathode-ray tube towards 
black and are thereby rendered less offensive to the eye than 
in the other case. On the other hand, the interference has a 
much worse effect on receiver synchronism. Black still repre¬ 
sents the dividing line between the synchronizing and picture 
signals and is set at 75 per cent; maximum received picture 
brightness occurs at zero carrier signal amplitude.* The two 
methods of modulation differ only in polarity, the first is 
therefore termed “positive” modulation and the second 
“negative” modulation. The synchronizing portion of the 
signal remains unchanged throughout the frame scan but the 
picture signal will, of course, vary from instant to instant and 
will not necessarily reach full black or full white in every line, 
as shown in Fig. 1.8a. 

There are two minor features of the waveform under con¬ 
sideration whose significance will be better appreciated later. 
The picture signal is actually masked for a longer period than 
the duration of the line synchronizing pulse. In the British 
standard it is cut oflF approximately | micro-second (actually 
0*005 of one line period) before the pulse begins and not restored 
until approximately 5 micro-seconds (actually 0*05 of one line 
period) after the end of the pulse. The corresponding American 
figures are 0*02 and 0*14 of one line period. As a result two 

* In practice the carrier minimum (peak white) is about 6 per cent of the 
maximum. 
a-(T.575) 



IK PRTNC11U.es of television KECEPTION 

small siojjs or “pedestals" appear at black level, one on either 
side of each line jailse; they are called the “front porch” and 


LINE SIGNALS 



MINIMUM ACTUAL 


END OF EVEN FRAMES 




Fig. 1.8a. The Standard Form of the British Transmission 
{Courtesy of "Electronic Engineering^^) 


“back porch” respectively, by the Americans. The first is 
inserted to give the receiver circuits time to return to black 
level .bc'fore the synchronizing pulse commences, even when 
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the extreme edge of the picture is full white. The second 
pedestal puts a black border on the left-hand side of the 
received picture which provides a brightness reference level. 

The distinction between the two kinds of synchronizing 
pulse, which have to be separated at the receiver, is done on a 
width basis. Pulses of square shape are preferred in both cases 
because their vertical edges represent definitely th(^ important 
instants at which the recjeiver time bases need to be triggered, 
i.e. at which the scan flybacks must be initiated. The line- 
sV uelironizing pulses represent a simple wave, but the fact 
that they must be continued throughout the comparatively 
iong-drame synchronizing signal makes the latter rather 
complex. It consists of a train of pulses much wider than those 
employed for line synchronization, in order to allow separation 
in the receiver, and having twice line repetition rate. A signi¬ 
ficant feature of the British framing signal is the difference 
(J line) between alternate frames in the length of the last 
active line of the picture. The efFect of this undesirable irregu¬ 
larity ((fiiapter V) is eliminated in the x4merican signal, at 
the cost of complicating even further the complete framing 
signal, by inserting a group of “equalizing” pulses before and 
after the actual framing pulse train. The framing signal 
parameters for the two standard signals are given in Table TI 


Tabiik: T1 : S'i'NcuHONizrNd Sicjnab (Constants for thk I^ritish 
AND Aivt?:ki(\\n vSystkms 


Pnrarnetor 


J )uration of line piilso . . . . 

Duration of pedestal preceding line pulse 
Duration of pedestal following line pulse 
Number of framing pulses . 

Number of lines occupieci by framing pulses 
Repetition rate of framing pulses (per sec) 
Duration of framing pulse . 

Duration of a serration between suecossivx' 
framing pulses .... 
Number of equalizing pulses per train . 
Number of linos occupied by equalizing pulses 
Repetition rate of equalizing pulses 
Duration of equalizing pulse 


British 

j American 

Stnndard 

i Standard 

1 .. _ 

(hlH* 

008/f 

0-005H 

; 002H 

0 0511 

014fl 

8 

6 

4 


20,250 

81,500 

0-4/i 

0-48ii 

{)\H 

OOIH 

— 

6 

— 

8-2 X 2 

— 

81,500 per vsec 


0 04H 


* Duration of line period (H) 1/10,125 sec, 1/15,750 sec. 
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and the waveforms in Figs. 1.8a and 1.8b. These will be 
discussed in detail later in connection with the receiver syn¬ 
chronizing circuits (Chapter V). It will be noted that the 
framing signal is followed by a number of unmodulated (i.e. 

A-Modulation by A.C, Signal 


/:n A.C. Modulating 
(»> Signal due to 
Single Audio Tone 




/iiO Oemodulalion of 
(ii) appearing at 
Receiver Detector 
Output 



v Elimination of D.C. a 
\ / component of (iii) by V 
A.C. Coupling leaves 
original Signal (CF(i)) - 



(In ordinary broadcasting the Audio Signal is 
Summary Ian A.C. Signal so D. C. component of Rx Detector 
I Output makes no contribution to L.S. Output 
[and may be ignored 

Fig. I.9a. Modulation and Demodulation—A.C. Modulation Signal 

black) Unes, since the picture signal must not reappear until 
the frame flyback is complete. 

1.9. D.C. Modulation: Brightness Level. The waveforms of 
Figs. 1.8a and 1.8b apply not only to the video signal before 
modulation at the transmitter, and after demodulation at the 
receiver, but also to the envelope of the R.F. carrier. This 
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fact raises an important difference between television and 
ordinary broadcasting. In the latter the mean carrier level 
is held constant and the envelope swings equally (up and down) 
about this fixed level; the demodulator output, therefore, 



(iii) 


Demodulation 
of (ij)(CF.(i)) 





A.C. component of t 

(iv) (iii) left by loss of 0 

D.C. component | 



Summary 


In Television the Picture Signal is D.C. and 
the average brightness is represented by the 
mean carrier level Accordingly the DC 
component of the Detector must be retained 
in post-detector circuits 


Firj. 1.9b. Modulation and Demodi’dation—D.C. Modulation Signal 


contains a direct component proportional to the mean carrier 
amplitude in addition to the audio signal, but this component 
is not required in the acoustic output.* In television trans¬ 
mission, on the other hand, the mean carrier amplitude varies 
with picture content, so that the direct component of the 

* It is usually employed for automatic gain (or volume) control. 








Fig. LIOa. Block Schematic of a Complete Television System 
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demodulator output is an essential part of the video signal; 
in fact, it represents the absolute briglitness level. Accordingly 
d.c. couplings have to be used in the subsequent circuits or 
some method ejnployed to restore the d.c. comjionent where 
required, e.g. at the modulator of the ])icture tube. The two 



Ek;. I.IOb. Control Room “A” of t>ik B.B.C. TivLKvisro\ Station 

Eiifiiiift'rK jjn* (iKiiiK tho e.K.'l’. I^iduro Monitors (oontn-) to sot np tlH‘ video 
modultitioii ('(piipinniit (loft). Audio niodiilatiou cquipiwnt is 7nouiit('d in the 
I’.’K'ks on the riRht. 

(Conrtcsjf of the B.li.C.) 


processes are compared for the case of sijigle-tone modulation 
in Figs. 1.9a and R. 

1.10. The Complete Television System. Having discussed 
the fundamental processes and components of the television 
system it will be helpful to follow through the complete chain 
of processes from camera to cathode-ray tube in terms of 
simplified schematics of the transmitter and receiv^er. 

Referring to the transmitter schematic shown in simplified 
form in the left-hand portion of Fig. 1.10a (the B.B.C. trans¬ 
mitter (see Fig. 1.10b) has been selected as a suitable example), 






Fig. 1.10a. Block Schematic of a Complete Television System 
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demodulator output is an essential part of the video signal; 
in fact, it represents the absolute briglitness level. Accordingly 
d.c. couplings have to be used in the subsequent circuits or 
some method employcMl to restore the d.c. component where 
required, e.g. at the modulator of the picture tube. The two 



Fk;. 1.10b. Contuol Room “A” of the Tklf:vision Station 

an* iKsiriK the ricture Moiiitor.s (eciitn*) to set uji the video 

modwlntiou eqiiipuicnt (left). Audio modulation equipment is mounted in tin* 
racks on the right. 

iCotrrfex!/ of the ]{.J}.(\) 


processes are compared for the case of single-tone modulation 
in Figs. 1.9a and b. 

1.10. The Complete Television System. Having discussed 
the fundamental processes and components of the television 
system it will be helpful to follow through the complete chain 
of processes from camera to cathode-ray tube in terms of 
simplified schematics of the transmitter and receiver. 

Referring to the transmitter schematic shown in simplified 
form in the left-hand portion of Fig. 1.10a (the B.B.O. trans¬ 
mitter (see Fig. 1.10b) has been selected as a suitable example), 
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we may distinguish first the signal chain. The video signal 
produced by the camera is amplified before being combined 
with the synchronizing pulses. The mixing of the two signals 
is carried out in two stages; the ‘'suppression mixer” masks 
the picture signal throughout the synchronizing periods, while 
the “synchronizing mixer” inserts the actual 83 uichronizing 



Fm. 1.10c. Main Transmitted tor G-E Television Broadcastin(j 
Station WRGB, located in the Heli>erberg Mot ntains, near 
Schenpx’TADY, N.Y. 

(Courtesy of the General Electric Co. (U.S.A.)) 

pulses, leaving the brief pedestals already mentioned. The 
composite signal is then amplified sufficiently to drive the 
transmitter modulator which is a wide-band amplifier type 
circuit operating on a point in a conventional crystal oscillator, 
frequency multiplier, and R.F. amplifier chain. The tapping 
of the final video amplifier output for feeding a C.R.T. picture 
monitor will be noted. The line synchronizing pulses at 
10,125 per sec and the framing signal, which recurs 50 times per 
sec are obtained by dividing down from a master oscillator 
operating at 20,250 per sec. The latter is locked to the mains 
through its 50 c/s output (at the end of the divider chain) by 
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comparing the latter with the mains in a phase discriminator 
circuit which corrects the master oscillator frequency through 
a control stage (cf. A.F.C. as applied to broadcast receivers). 
The three outputs of the master oscillator and its dividers are 
then suitably shaped and combined to produce the suppression 
and synchronization waveforms, to lock the camera time bases, 



Fio. I.IOd. Cubical Television Antenna deskjned by G-E 
Engineers for Station W2XB 


Two of these aerials have been orectetL one for sound and one for picture 
transmission. The station is in the lielderberg Mountains in New York 

State, 

(Courtesy of the General Electric Co., (U.S.A.)) 

and to cut off the camera beam during the flyback periods. 
The same general technique is employed in U.S. transmitters 
but is a little more compHcated owing to the additional equal¬ 
izing pulses. 

At the receiving end the signal undergoes R.F. amplification, 
demodulation, and V.F. amplification (assuming a tuned-radio- 
frequency (T.R.F.) type of receiver) before being applied to 
the C.R.T. grid. The entire signal is retained through this 
chain so that the synchronizing pulses black out the flybacks. 
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The signal |)asse(l to tlie synchronizing system must, however, 
be cleared of pictun^ modulation; this is achieved in some form 
of amplitude filter which is arranged to clip off the signal 
beyond black level. The resultant signal is then passed through 
a circuit capable of discriminating between the line and frame 
synchronizing ])ul8es on the basis of their difference of width, 
so that two separate sets of triggei*ing pulses are produced, one 
set for each time-base circuit. These trigger pulses usually 
operate upon a sawtooth voltage oscillator which drives a 
current output stage with the deflector inductors coupled to its 
anode circuit. The cathode-ray tube and its associated circuits 
will be treated in detail in Chapter III, and subsequent Chapters 
(V-IX) will deal systematically with the remainder of the 
receiving equipment. 

1.11. The Sound Channel. Existing television systems differ 
most in the method adopted for transmitting the sound accom¬ 
paniment, for while in all cases a completely separate channel 
has been used and the opportunity (availability of bandwidth) 
taken to achieve considerably higher fidelity than in ordinary 
sound broadcasting, in Britain conventional amplitude modu¬ 
lation (A.M.) was favoured, while in America the more recent 
formulation of standards allowed the preference of frequency 
modulation (F.M.). More recently, in both Britain and the 
U.S.A., experiments have been carried out with pulse modula¬ 
tion using only the video transmitter with additional narrow 
pulses inserted in the line synchronizing intervals. Various 
methods of modulating these pulses are feasible, e.g. width, 
amphtude, phase, but it is unlikely that pulse modulation will 
be officially introduced until the complete signal specification 
is revised—pai*ticularly in this country where the low existing 
line frequency of 10,125 c/s is insufficient to allow fully satis¬ 
factory exploitation of the technique. 

Circuits employed for sound reception range from a com¬ 
pletely separate T.R.F. or superhet receiver to an arrangement 
in which all possible existing stages are made common; thus 
in the British case the video receiver R.F. amplifier and fre¬ 
quency changer and the A.P. portion of the normal broadcast 
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receiver may be adapted for the reception of television 
sound, while in the American case, a separate F.M. receiver, 
capable of tuning other F.M. stations, is often already available 
for this purpose. 

1.12. Present Frequency Assignments. In Britain the 
Alexandra Palace station (jontinues to radiate v ision on 45 Mc/s 
and sound on 41-5 Me/s. Pour single sidebind channels (Nos. 
2-5) in the band 48-68 Mc/s have been allocated to provincial 
rraTismittcrs now under construction. In the IJ.S.A. two wide 
\ il.f\ bands have been assigned to television (TV) stations 
cfid vsplit up into the channels listed in Table 111. Dtdails of the 
signal channel subdivisions will be given in Chapter VI. With 
regard to power ratings the Alexandra Pala(*p figures of 17 kW 
(100 per cent level) for vision and .‘1 kW for sound are typical. 


Tahlk 111 : 

U.S. Tkleviston 

(’HANNLOn 

Annoi'ATioNs 

Channel i 

rVo(iuen(*v Band 
(M(^/s) 

, Channel , 

I’re((uenc*y Band 
(M(7 s) 

i 

1 I 

44 aC 


174- 180 

2 1 

54 (W) 

8 

180 I8(i 

H 

()C (hi 

\) 

186-192 

4 

(hi 72 

10 

192 198 

5 

7()- 82 

: 11 

198-204 

(1 

82-88 

12 

" 13 

204-210 

210 216 


Note: Not more than seven channels to be allotted to any one area. 

1.13. Summary of Recent Developments. Once the initial 
post-war task of restoring operation of the pre-war stations 
had been completed the larger firms concerned with television 
development recommenced experimental work. In this country 
the major achievements have been the design and construction 
of 625 line equipment and an improved type (OPS)* camera 
by E.M.I., Ltd., and the demonstration by Pye, Ltd., of vision 
and sound transmission on a single carrier (see Chapter VII). 
The B.B.C. television station remains the only one in existence 
which provides a service comparable with that of a normal 
broadcast station. Work on the extension of the service to 

♦ “Cathode Potential Stabilized.'" 
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Birmingham, by a chain of U.H.F. relays has been completed.* 
In the U.S.A. demonstrations of colour transmission have 
been given by R.C.A. and C.B.S. (see Chapter XI), but it 
appears to be agreed that television must first be established, 
as in Britain, on a monochromatic basis. At present over 
one hundred stations are officially listed; most of these are 
radiating more or less regularly, some on experimental lines. 
The main preoccupation in France has been the reconsideration 
of the standard of transmission; in the meantime an 819 line 
transmission has been inaugurated. 
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BASIC SIGNAL AND CIRCUIT THEORY 

It will be understood from the previous chapter that television 
reception involves the handling of a more complex signal and 
embraces a wider range of electronic circuit practice than 
reception of sound alone; it will be necessary therefore to 
review and extend the basic theory applicable to broadcast 
receivers. In the following sections this subject is treated in 
a general manner so that actual television circuits may be 
studied later in detail, without continual reversion to funda¬ 
mentals. The action of the circuits of a sound receiver is 
usually considered in terms of a sinusoidal signal which repre¬ 
sents a single audio-frequency tone, originating at the micro¬ 
phone, or a carrier wave generated by the radio-frequency 
circuits of the transmitter. The modulation of the latter by 
the sinusoidal tone is equivalent to the addition of two sinu¬ 
soidal “sideband” components to the carrier (see Appendix I). 
It is recognized and always borne in mind that the audio signal 
occurring in an actual programme is extremely complex, but 
the use of the sine wave as the basic signal is appropriate and 
satisfactory. In television, however, the vertical edges occur¬ 
ring in the V.F. signal, or in the envelope of the R.F. wave, 
make the sine wave less suitable as a basic signal for the 
consideration of circuit action, particularly in the synchronizing 
system, and call for a study of wave-shapes of this kind. 

2.1. Graphical Representation of Voltage and Current Varia¬ 
tions. The potential difference (p.d.) existing between any 
two points in a circuit, or the current flowing at any point in 
it, very rarely remains constant in strength over an appreciable 
period and is usually continuously changing. In many cases in 
electronic systems this variation is a periodic one, i.e. it is 
repetitive. It is convenient to represent the mode of variation 
by an ordinary graph, plotting time horizontally (“a; ” direction) 
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and amplitude vertically Cy'’ direction). In general, both 
electromotive force (e) and current (i) can act or flow in 
either of the two possible directions in a circuit loop; these 
directions are denoted positive and negative to correspond with 
the polarity of the applied e.m.f., the rule being that outside 
a source of e.m.f. a current flows from jiositivo to negative. 
It is unfortunate that this convention was adopted before the 
discovery that electron flow occurs in the opposite direction. 


Peak Ampliiude 



Peak-to-peak 
Amplitude 


Time 


Period occupied by 
One complete Cycle 
(T Sec) 

A'B Negative-^oln^ Portion 
B~C Positive-^oing Portion 


Frequency ay P^^ 


Fuj. 2.1 a. The Sine Wave as an Illustration of the Conventional 
( iRAPHTCAL Metfiod OF Hkihiksentino Volta(;k and (-urrent 


J3y convention again the positive direction is represented by 
jilotting upwards from the zero axis and the negative down¬ 
wards. The curve obtained is commonly spoken of as the 
‘‘waveform” of the voltage or current, although strictly 
speaking, this term should only be used for a recurrent varia¬ 
tion. In the latter case it is, of course, necessary to plot only 
one “cycle ” of the variation. The familiar sine wave is repeated 
in Fig. 2.1a as an example of this simple graphical method of 
representation, and examples of the more common complex 
waves of the kind in mind are shown in Fig. 2.1b ; others will 
be given later. 

The so-called “square” wave shown at (i) in Fig. 2.1b is 
best regarded as a voltage (or current) which flows at constant 
strength but is periodically reversed, the time taken for each 
reversal being vanishingly small. Such a wave could not exist 
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in this ideal form, of course, since sufficient stray reactance 
would always be present to lengthen the reversal time, but 
very good approximations can be achieved in practice. One 
method consists in raising a sine wave of suitable frequency 



Time 


(i) The Square Wave 
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^Component 
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Wide "Neg doing’' Pulse 
(li) Asymmetn’cal Square Wave or Square Pulse Wave 



Fig. 2.1b. Examples of Complex Wavefobms encountered 
IN Television Circuits 

All are capable of analysis into sinusoidal components. T is the Wave Period 
and I IT the Wave Frequency. 

to a very large amplitude and passing it through a limiting 
circuit; the latter takes a narrow “slice” out of the centre of 
the wave. Certain oscillator circuits can be arranged to produce 
an approximate square wave directly, the multivibrator being 
an example (Chapter IV). Very often a square wave is needed 
in which the alternate half-cycles differ in duration or “width.” 
Such a wave is shown at (ii); here the “positive-going” 
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half-cycles are so narrow by comparison with the ‘‘negative¬ 
going” half-cycles as to justify the alternative description of 
‘'square pulse” wave. The third example will be recognized 
for its similarity to Fig. 1.6b and is defined in Ch. IV. 

It is possible to draw through any waveform a horizontal 
line at such a level that the area enclosed between this line 
and the portions of the wave above it is equal, over a whole 
number of comjJcte cycles, to the area enclosed between it 
and the lower portions of the curve. When this level corre¬ 
sponds with zero amplitude the wave is purely alternating. 
In practice this is often not the case and the difference between 
the two levels, which may be positive or negative, represents 
a direct component in the waveform. In Fig. 2.1b the square 
wave (i) is purely alternating, whereas the pulse wave (ii) has 
a negative d.c. component—shown as a chain line; the shaded 
areas above and below it are equal. In valve circuits the wave¬ 
form occurring at a signal electrode usually has a d.c. com¬ 
ponent (e.g. grid bias, or normal anode voltage) under the 
actual signal, and it will be remembered (§ 1.9) that in television 
the signal itself always contains a d.c. component. 

2 . 2 . Analysis of Complex Wavefonns. While these new 
waveforms appear to differ radically from the familiar sine 
wave, it can be shown mathematically that any wave encoun¬ 
tered in practice can be spht up into a set of component sine 
waves (Fourier Analysis).* In general the fundamental is 
accompanied by odd and even harmonics which extend to 
infinite frequency, with a more or less rapid decrease in ampli¬ 
tude; in special cases the odd or even harmonics are absent. 
A good example is the symmetrical square wave shown in 
Fig. 2.2a; it contains only odd harmonics of the fundamental 
and their amplitudes decrease harmonically, i.e. the ^^th 
harmonic has 1/nth the amplitude of the fundamental. That 
this method of analysis has real significance and is not a fiction 
is confirmed by the fact that waves having steep edges can 
only be transmitted with little change of waveshape through 
circuits having a frequency response extending to many times 

* See Appendix I (§ A 1.1). 
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the fundamental. Where such waves are used to modulate 
an R.F. carrier it is, of course, equally necessary to have wide 
bandwidth. With television signals, the bandwidth needed for 
good picture definition usually somewhat exceeds that required 
for good transmission of the synchronizing })ulse wave.^^’ 



Fig. 2.2a. Analysis of thk Square Wave into its 
Harmonic Components 
(Adapted from Reference 9.) 


The '‘harmonic” method of analysis just described is less 
directly useful than the alternative "transient” method, first 
used extensively by Heaviside, which uses the "step” form 
of voltfige (or current) shown at (i) in Fig. 2.2n. This voltage 
is non-existent until a definite instant (which provides a con¬ 
venient zero {t ~ 0) point on the time axis) when it jumps 
instantaneously to a definite amplitude (of E volts, say), and 
remains at this level thereafter. Two such steps (impulses) 
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(i) The Step Transient Impulse 

(ii) A succession of Impulses of 
opposite Polarity forms a 
succession of Square Pulses 
ie. a Square Wave 





(V) A Constant Slope Pulse 
hrmed from two Slopes 
of opposite Polarity 

(vi) A succession of Pulses of 
TormCv) of opposite Polarity 
forms d Triangular Wave 



Fig. 2.2b. Basic Transients and Their Use in Wavefojim 
Analysis 





36 PRINCIPLES OF TELEVISION RECEPTION 

having opposite polarity and separated by T seconds form a 
square pulse of E volts amplitude and T seconds duration 
(“width”), while a continuous succession of steps having 
alternate opposite polarity build up a square wave (ii). Another 
useful basic transient is shown at (iii); in this case the e.m.f. 
instead of jumping to level E commences at a definite instant 
to rise with a constant rate and continues to do so without 
limit. If such a voltage were followed by a series of equally 
spaced steps of opposite polarity a sawtooth wave would be 
produced (iv). A more satisfactory transient for the analysis 
and synthesis of waves having linear sloping sections is given 
at (v); the unit step and the constant slope forms are special 
cases of this function, obtained by making its sloping portion 
infinitely steep (i.e. vertical) or of infinite duration so that the 
horizontal level is never reached. A regular sequence of these 
constant slope functions having alternately opposite polarity 
may be arranged to form waves of triangular (vi) (including 
the sawtooth case) or trapezoidal shape, both of which occur 
in television circuits. 

2.3. Transient Response of Simple Networks.* When a sine 
wave is applied to a network, however complex, made up of 
ideal (i.e. linear) inductors, capacitors, and resistors, the output 
wave will be unchanged in shape but altered in phase and 
amplitude. If a non-sinusoidal wave is applied to such a 
network the sine components, although transmitted without 
change of shape, add up to give a different output wave¬ 
shape unless the network has the same amplitude response 
for each component and provides a shift of phase proportional 
to frequency. In television this change of wave-shape is ex¬ 
ploited in the receiver circuits for separating the frame syn¬ 
chronizing pulses from the composite signal, and for “peaking 
up” the pulses before they are used to lock the time bases. 

It is obviously very tedious to work out the output wave¬ 
shape by the method just indicated; a more direct approach, 
at least for the simpler cases, makes use of the basic transient 
voltage forms discussed in the last section. 

♦ See Appendix I (§ A 1.2). 
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The standard method of analysing practical circuits by 
setting up equivalent networks consisting of idealized capaci¬ 
tance, inductance and resistance elements {C, L, R) and voltage 
and current generators to allow application of classical “a.c. 
theory,” is equally suitable to the transient method of analysis. 
It is not necessary to dwell upon purely resistive circuits, since 
the direct proportionality of instantaneous voltage and current 
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Fig. 2.3a. Transient Operation of Simple Circuits 


in them does not give rise to change of wave-shape. The shaping 
properties of networks containing reactance depend on the 
essential characteristics of the reactive elements. The voltage 
developed across a pure inductor is proportional to the rate 
of change of the current flowing through it. Thus, when the 
current rises at a constant rate in an inductor (a requirement in 
C.R.T. deflector inductors) the p.d. across it must remain con¬ 
stant (see Fig. 2.3a). If the p.d. across the inductor rises linearly, 
however, the current must rise at an ever-increasing rate; 
the actual form of the current curve is parabolic. One method 
of deriving the last result from the simpler preceding case is 
to imagine the rising voltage as consisting of a “staircase” of 
infinitely small steps; the final result (i.e. the actual current 
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flow) is then obtained by superposition of the successive current 
increments. If a constant current is switched into a capacitor 
the p.d. across the latter will rise at a constant rate, while 
current building up in a linear manner will cause the capacitor 
p.d. to increase parabolically. These two cases of transient 
conditions in the inductor and capacitor should be carefully 
compared with reference to Fig. 2.3a. 

When two or more elements are contained in a circuit subject 
to transient excitation the response is not usually easy to 
determine other than by rigorous mathematical analysis; the 
following treatment of some simple but imj)ortant cases is 
therefore limited to a description of the essential features of 
the circuit action (some mathematical notes are provided in 
Appendix 1). Where circuit elements are all in series or all in 
parallel with each other the fact that the component p.d.’s 
or currents, respectively, add up to the input voltage or current 
is a great help in deducing the response. Two cases of great 
practical importance are those of capacitance and resistance 
in series, and inductance and resistance in series, each with 
step voltage excitation. In these and following examples 
the capacitors will be assumed to have no existing charge 
and the coils no current at the instant of completing the 
circuit. 

A step voltage e applied to a capacitor 6\ and to a resistor 

e 

R, in series, causes an initial current , because the 

R 

capacitor has no initial p.d. and the whole of the back e.m.f. 
opposing e must develop initially across R. Immediately 
current flows, however, the p.d. across C rises and reduces 
the voltage available for forcing charging current through R. 
Consequently the rate of charge falls progressively, but more 
and more slowly, as the p.d. of C approaches the applied voltage 
while the charging current and resistor voltage all approach 
zero, but at an ever-decreasing rate. The plots of i, Cc, and Cr 
(see Fig. 2.3b) are spoken of as ‘‘exponentiaF’ curves (see 
Appendix I). The three curves have the same general shape 
whatever values e, C, or R may have, but, for a given e, the 
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curves stretch out along the time axis more and more as 
either i) or JR is increased, since increase of either quantity 
lengthens the time taken by C to charge to any given fraction 
of the applied voltage. It is convenient to take the fraction 



Current and Component Voltages for Large , 
Values of CR or L/R ("Long Time-constant”) 



t I 


i-O hO 

Current and Component Volla^fes Small 
Values of CR or L/R ("Shorl Time-constant”) 

Fj(j. 2.3b. Tbansient Response (with Step E.M.F. Excttatton) 

OF Two-element Series Circotts 
B oth circuits are made at < 0. 

0*632e, for the corresponding time interval (seconds) is then 
given by the product G X R (farads X ohms, or x Mil). 
The figure so derived is called the “time constant” of the 
circuit and denoted r. When a charged capacitor is discharged 
through a resistor the discharge current falls in the same manner 
as the charging current and the capacitor p.d. reaches 1*000 
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— 0*632 ~ 0-368 of its initial (fully charged) value after CR 
seconds. 

The effect of connecting resistance in series with inductance 
(L) prevents the current from rising indefinitely at a constant 
rate and causes an exponential rise toward the limit set by 

e 

Ohm’s Law, i.e. i^ax ~ by which time the falling rate 

R 

of current increase has brought the inductive back e.m.f. 



i-0 



Fi(i. 2.3c. TiiAxsiEiVT Response of Simple Parallel Circuits 
WITH Step-current Excitation 


practically to zero. In this case the quantity controlling the rate 

L 

of response, i.e. the time constant, is increase of L, or 

K 


decrease of R, delays the instant at which the current reaches 
0-632 of its final value. (See right-hand portion of Fig. 2.3b.) 

Comparing the two cases it will be noted that there is 
correspondence between 


(i) Capacitor charge ) Inductor current) 

(ii) Resistor voltage 1 of (a) and Inductor voltage) of (6). 

(iii) Capacitor voltage] Resistor voltage j 


This correspondence is fundamental and all RC networks have 
a corresponding RL network. 

In considering elements in parallel it will be convenient, for 
ease of comparison with the series circuits, to take the response 
to current excitation. With G and R in parallel the injection 
of a “step” current produces an exponential rise of p.d. across 
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them; the component currents are shown in Fig. 2.3c. Similar 
excitation of the parallel LR circuit sets up an exponential 
current rise in L and develops a “peaky” voltage change across 
it. In both cases e is proportional to 


3 



Kk;. 2..3d. Voltage developed ackoss a Sektes LR Circvit by 
A Linearly-RISING Applipid Current 


An important practical case is that of a linear current rise 
in a series LR circuit. The p.d. developed across L is of step 
form and that across R follows the current; the resultant is 
a vertical jump followed by a linear rise. This type of response 
is sometimes called trapezoidal (Fig. 2.3i)). A similar p.d. 



Fig. 2.3e. Voltage developed across a Series RC Circuit by 
a Current of Step Form 


appears across a series OR circuit having step current input 
(see Fig. 2.3 b). 

The next case selected is that of a parallel LR circuit fed with 
a linearly rising current. After the initial transient period 
equilibrium is reached with the current in R and p.d. across R 
constant and the current in L rising linearly at such a rate 
that the inductive back e.m.f. balances the resistor p.d. During 
the transient period the current in R rises exponentially with 
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downward curvature and that in L builds exponentially with 
upward curvature (see Fig. 2.3f). 

When capacitance, inductance and resistance are all present 
in the series circuit the latter becomes resonant to a particular 
frequency and the application of a step voltage excites a 
damped oscillation at this frequency unless the damping effect 
of the resistance is sufficiently great. The two types of response 
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FjC!. 12.3f. ApPLK^ATION of a LiNKARLY-IUSINU Cl’RRKNT 
TO A Parallel LK Circuit 


obtainable, viz. a damjied oscillation or a unidirectional pulse, 

for the two conditions < or > 4 — respectively, are shown 

G 


in terms of the circuit current in Fig. 2.3 g. Initially the current 
will increase at such a rate that the back e.m.f. developed 
across L balances the applied e.m.f. As the current builds up, 
however, the potential difference developed across C will 
increase and reduce that available for driving current through 
L and R, Accordingly the initial rate of current increase 
cannot be maintained and the current variation will pass 
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through a maximimi and then (owing to the blocking effect 
of C) tail off gradually to zero. If the initial current surge is 

allowed by smallness of R relative^ to - to rise sufficiently the 



Fie. 2.3g. The Rxcspoimsk of the Series-tuned Circuit to 
A Step E.M.F. 

The component p.d. appearing across each element is shown for both damped 
and nnderdamped cases. In both cases current has the same form as resistor 

voltage. 


considerable magnetic field built up will, in collapsing, cause 
the current to swing through zero amplitude and reverse in 
direction and the current decay will be oscillatory rather than 
unidirectional. The component p.d.s are shown in the 
figure. 

2.4. Simple Wave-^shaping Networks. The method of deriving 
the response of the circuits of the preceding section to a square 
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pulse by imagining the pulse to be made up of two distinct 
steps of opposite polarity and separation T seconds and adding 
the separate responses, has been carried out for the series 
OR circuit in Fig. 2.4a for two cases: (i) time constant much 
smaller than the pulse duration {T) and (ii) time constant 
much larger than T. 

This method will now be used to obtain the response to a 
repetitive pulse, i.e. a pulse wave. It was shown in Fig. 2.2b 


t-0 i-T 1^0 UT 



Applied Voltage Resistor Voltage Capacitor Voltage 

Fig. 2.4a. The Response of a Series CE to a Square Voltage 
Pulse, obtained by the Method of Superposition, for both Long 
(chain line) and Short (full line) Time Constants 

that repeated steps of alternate polarity occurring at regular 
intervals add up to produce a square wave. The case of the 
square voltage wave apphed to a series CR circuit can be 
dealt with directly, however, as shown at Fig. 2.4b. The case 
of a short time-constant value for the product CR is easily 
worked out for the arrangement shown because the small 
values of R and C allow the circuit to return to equilibrium 
(i.e. C uncharged) by the end of each cycle. It will be noted 
that the applied square wave is entirely positive going, and, 
since the switch is opened and closed for equal periods, the 
d.c. component of the input is 0-5 The voltage wave 
appearing across the capacitor is similar to the applied voltage 
except for the rounding of alternate comers, while the resistor 
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voltage wave is a series of alternate spikes. As either C or R 
is reduced the capacitor wave approximates more closely to 
the applied voltage wave; the resistor voltage “spikes,” while 
remaining of constant amplitude, decrease in width. The d.c. 
component of the input appears entirely across C making the 
capacitor p.d. entirely positive and the resistor p.d. purely 
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Switch changes 
C over at t= r, 27, 37,,... 

Fig. 2.4b. The Response of a Series CR of Short Time 
Constant {T ^ CR) to a Square Wave 

alternating; the importance of this point will be brought out 
in the next section. 

When the time constant of the series CR becomes comparable 
with the period of the applied wave a complication arises in 
the circuit action. At the end of the first open-switch period 
the capacitor voltage rises to much less than the full value of 
the applied voltage, and during the subsequent half-cycle the 
capacitor does not discharge completely. As a result there is 
an appreciable residual charge on the capacitor at the end of 
the first cycle (Fig. 2.4c). During the following cycles this 
residual charge rises progressively until it equals almost half 
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the amplitude of the applied pulses. The resultant capacitor 
voltage is an exponential wave of small amplitude superimposed 
on an exponentially rising voltage which represents the mean 
and eventually equals the d.c. component of the applied 
voltage. The resistor voltage wave follows by subtraction of 


Time -►p j 27 37 AT ST 6T 



-0-5 Ev 


^ _Transient Condition-- _Steady State— 

(D.C.Component Falling Exponentially) (D.C.Component Zero) 



Cc from In the case of the long time*constant circuit, therefore, 
final equilibrium is reached only after several cycles have 
passed. The waveforms change continuously from Fig. 2.4 b 
to Fig. 2.4c as C and/or It is increased. Referring again to 
Fig. 2.4c it will be noted that the resistor voltage approximates 
to the a.c. component of the input (i.e. square wave less positive 
polarizing voltage) while the capacitor voltage is constant 
except for a nearly triangular a.c. component. 

The basic properties of the simple networks just discussed 
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lead to two extremely important basic arrangements which 
are used very widely in all branches of electronics, viz. the 
differentiator and the integrator. 
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In all cases the circuit time constant (i.e, ('H or LIH) is very small comi»are(l 
with the period of the ai»i)lied wav(‘. 
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The voltage differentiator may consist of R and C con¬ 
nected in series across the input voltage. (A)m])ared with the 
period of the input the time constant {R X C) is very small. 
The output voltage is that apjiearing across R. The response 
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the square wave. It 
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square wave produces 
« sharp output pulse 
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the output is zero for 
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the horizontal por¬ 
tions of the input 
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Fio. 2 . 4 e. Thk Integkating CTucuit 

The time constant (670 is much greater than 
the period of the applied wave. 


tiator is sometimes called a “peaking’’ or “sharpening” circuit, 
and is used chiefly for triggering purposes. (See Fig. 2.4d.) 

The integrator (see Fig. 2.4e) differs in form from the 
diflferentiator only in that the output is picked off the capacitor. 
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The time constant is made very large compared with that of 
the wave period. These two changes result in quite different 
properties. The integrator is quite insensitive to quickly 
changing voltages and provides appreciable output only when 
the input changes so slowly as to give the circuit time to respond. 
Its response to the square wave should be compared very 
carefully with that of the differentiator. The integrator is 
used frequently in television for producing a suitable frame 
synchronizing waveform from the signal (see Chapter 

2.5. D.C. Restoration. It has already been pointed out that 
the television signal voltage has a direct component represent¬ 
ing the absolute picture brightness and this component 
must be present at certain points in the receiver circuit. On 
the other hand, each time the signal passes from a circuit 
point to another at a considerably different mean potential, a 
blocking capacitor must be inserted and this must usually be 
followed by a resistor to complete a d.c. circuit. It will be 
clear now that such a CR coupling (a) should have a long 
time-constant to preserve the waveshape, and (6) will inevitably 
“lose"’ the d.c. component of the input signal. The action of 
a CR coupling is shown in Fig. 2.5a. The seriousness of the 
d.c. component loss is best appreciated by comparing (as in 
the figure) the output of the coupling GR for white and black 
lines; due to the absence of the D.C. the wave appears at 
such a level as to equalize areas above and below zero voltage. 
When the proportion of white in the picture increases, the 
synchronizing pulses are depressed and the signal corresponding 
to darker portions of the picture passes through the synchroniz¬ 
ing separator circuit to upset time-base synchronism (‘‘tear¬ 
ing’" of the picture). Moreover, the C.R.T. grid fails to drive 
the tube to full white. Even worse, a given C.R.T. grid potential 
does not correspond to a constant picture brightness. 

This d.c. component problem arises only after the carrier 
wave has been demodulated and it is quite possible to design 
the remaining video circuits without introducing CR couplings. 
The consequent restriction on design may become intolerable, 
however, and it is fortunately possible to restore the d.c. 
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Input 



Output 


component by a simple device—^the connection of a diode 
valve, in correct polarity, across the coupling resistor. The 
diode d.c. restorer is often regarded as a mysterious and 
coihpUcated circuit, probably because its purpose has not 
always been clearly understood; its action is quite simple as 
will be shown (Fig. 2.5b). 

If a diode is connected across the resistor of a CE coupling 
fed with a repetitive square pulse the waveforms obtained 

are as shown; they should be com¬ 
pared with those of Fig. 2.4c. When 
the switch is open and C is charg¬ 
ing through E, the p.d. developed 
across the latter makes the diode 
cathode positive relative to its 
anode; accordingly the diode does 
not conduct and it has no effect on 
the circuit action. When the switch 
closes, however, bringing C and E 
and the diode all in parallel, the 
condenser p.d. is in the correct direction to make the diode 
conduct and, since its resistance is so small (a few hundred 
ohms) it converts the effective CE to a very low value and 
rapidly discharges C. As a result the latter is prevented 
from developing an appreciable mean direct voltage; moreover 
the short-circuiting of E on the alternate half-cycles prevents 
it from developing an appreciable negative output. The overall 
effect is that the resistor voltage now contains the d.c. com¬ 
ponent of the input signal. When the input voltage has a 
negative d.c. component the diode must be reversed, as shown 
in the lower part of the figure. It will be noted also that the 
voltage developed across E contains the d.c. component and in 
the same direction (i.e. with same polarity) as in the input 
wave—the d.c. component of the input is therefore restored 
despite the presence of the coupling capacitor. 

When it is desired to insert a negative d.c. component into 
a wave it is not always essential to employ a diode solely for 
the purpose; very often it is possible to use the grid-cathode 


Ficj, 2 . 50 . The Insertion of 
A Negative D.C. Component 
INTO A Waveform 

The grid-cathode portion of an 
amplifier valve inserts a negative 
d.c. component into the input 
waveform if the coupling Cli is 
large. 
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portion of the following valve, the chief requirement being 
that this valve must normally function at or near the grid 
current region so that grid current may be drawn for the 
purpose of d.c. restoration without considerably modifying the 
operating potentials of the valve (see Fig. 2.5c). 

2.6. General Features of Special Valve Circuits in Television 
Receivers. In normal broadcast receivers valves of the ampli¬ 
fying type, that is all except diodes used for signal demodulation 
or power rectification, are invariably operated in the basic 
arrangement shown at (i) in Fig. 2.7a. The signal appearing 
across the output load of a preceding stage is connected more 
or less directly between control grid and cathode of the valve 
and the resultant anode current fluctuations develop a signal 
across the load impedance presented by the anode circuit. 
The fact that the control grid, being much closer to the cathode, 
exerts a greater effect on the anode current than the anode 
itself enables an enlarged signal to be obtained, but with 
reversal of polarity (assuming a resistive load). While the 
local oscillator in the fre(|uency-changing circuit provides its 
own input over a positive-feedback loop, and in the A.F. 
stages negative feedback is often employed to reduce signal 
distortion, their basic arrangement is the same. With regard 
to the choice of valve type it will be remembered that in the 
carrier-frequency circuits feedback between output and input 
circuits through the grid-anode capacitance of the valve could 
not be eliminated satisfactorily by neutralization over an 
external feedback path and resulted in the introduction of the 
screening grid. The insertion of this extra grid not only 
reduced the grid-anode capacitance of the valve but consider¬ 
ably raised its anode impedance, amplification factor and 
power sensitivity, and the screened type of valve in tetrode 
or pentode form came into general use in the A.F. stages also. 

In spite of the versatility of the grid-input anode-output 
type of valve circuit, particularly with the screened type of 
valve, early circuit workers in the television field found it 
necessary to develop new forms of valve circuit and in these 
new arrangements the triode performs more favourably by 
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comparison with the pentode. The reasons for these develop¬ 
ments are, firstly, the wide frequency band occupied by the 
signal, and, secondly, the importance (in the synchronizing 
circuits) of signal polarity. The wide band means that signal 
loads used for coupling purposes hav^e very low impedances 
by comparison with those occurring in broadcast receivers. 
Thus tuned R.F. and I.F. couplings are heavily damped by 
the low input resistance of the vah es and/or parallel resistors 



Fig. 2.6a. A of Valves Designed for Television Kegeption 

From left to riplit they are: a T41—thyratron; a D41—deteetor diode; 
a pen 40—line tiiruj-base. amplifier; a 1'22—high-voltage rectifier. 

{Courtesy of Edimm Swan Electric Co., Ltd.) 

of the order 5--10 kQ, and the modulation amplifier loads are 
built around resistors of value not more than 3 or 4 kll These 
low-impedance loads seriously limit the gain available even 
with valves of the screened type. Other circuital problems 
arising in television are the need to— 

(i) Transfer a wide-band signal from a valve stage to a 
very-low-impedance load (e.g. coaxial line), 

(ii) Obtain increased signal amplitude without polarity 
reversal, and 

(iii) Achieve satisfactory signal-to-noise ratio. 

A group of valves designed for television reception is shown 
in Fig, 2.6a. 
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2.7. Basic Valve Circuit Arrangements. An am])lifier valve 
has three principal electrodes, viz. cathode, control grid, and 
anode, and is associated with two signal loads--input and 
output. Accordingly there are three ])ossible methods of 
arranging the basic am])lifier, subject to the two essential 
conditions of applying the input signal between grid and cathode 
in order to vary the anode cmrent and of connecting the output 
load in the anode signal-current loop. These arrangements are 



Fi(i. 2.7 a. Thk Thi{|«:k Hastc Ockratinc Cjucujts of an 
Ampiafifr VaIA'J'J 

Stcufly feed volta^ns bav(‘ been omitted. The sijrii.s liidi<ut«‘ rrJatiM* 
l)()lariti(‘s, 'I'lic “earthy” oleetr<.d(‘ is iiulieat(d by tin* U tter “O.” 

shown in Fig. 2.7a and may be distinguished by the earthy 
electrode (the cathode), the grid, and the anode resj)ectively, 
these last two electrodes being ct)nnected to the input and 
output signal loads. The second and third arrangements differ 
fundamentally from the conventional circuit in having the 
one load common to both input and output circuit loops 
so that inverse feedback occurs and reduces the effective 
input. 

2.8. The Cathode-input Grounded-grid ”) Amplifier. While 
the reversal of the normal input connections to an amplifier 
valve, i.e. the application of the signal voltage to the cathode 
rather than to the grid and the ‘'grounding” of the control 
grid, makes no difference to the degree of control exerted on 
the space current by the actual grid-cathode p.d., several 
different features result by comparison with the more familiar 
method of connection. 

The cathode-input arrangement appears to have been used 
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first by E. L. C. White and J. Hardwick* in television syn¬ 
chronizing circuits where it is often desired to increase the 
amplitude of the signal by an amount within the capacity of 
a single valve but without reversal of the signal polarity. It 
will be clear that if, for example, the cathode potential is raised 
in the positive direction the effect is as if the grid potential of 
a normal amplifier were made more negative, the anode current 
will therefore decrease and the anode potential will rise. Thus 
a positive change of input will produce a j)ositive change of 
output, and similarly for a negative change, provided that the 
valve is operating above the anode current cut-off value. 

It should be noted that unless the signal fed to the cathode 
appears across a circuit of zero impedance there will be a 
certain amount of feedback in opposition to the input. Thus 
when the cathode potential is raised the anode current in 
falling causes a reduction in the potential drop, due to the 
output current, developed across the signal source impedance. 
Assuming, for simplicity, that this feedback is negligible, as 
when the signal source is of very low impedance, the fact that 
the input and output voltages occur in the same (the output) 
circuit loop and act in the same direction ('‘series-aiding’’) 
makes the basic gain of the circuit greater by unity (i.e. A + 1 
instead of A) than that of the conventional amphfier. This 
result is similar to that obtained by connecting the secondary 
of a transformer in series with the primary in the direction 
making the primary and secondary p.d.’s additive. 

An important feature of the arrangement—and one which 
represents a serious disadvantage in some appheations—is its 
low input impedance; this is given approximately by the 
ratio rjfi, when is very much larger than the anode load, 
as is usually the case in wide-band circuits. The reason for 
the low impedance will be clear when it is reahzed that the 
input voltage appears in full not only between grid and cathode 
but also (still assuming > z^) across anode and cathode. 
The effective signal voltage acting in the output circuit is there¬ 
fore multiplied by the factor fi + I (obtained by referring the 

* British Patent No. 496872. 
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grid-cathode p.d. to the anode-cathode circuit). Expressed 
more realistically the actual signal current for a given signal 
voltage is multiplied by the same factor and consequently the 
load presented by the valve on the signal source is r^ multiplied 

which is very nearly equal to rjft (see Appendix 

I, § A.1.4). 

The grounding of the control grid reduces the inter-electrode 
capacitive feedback between output and input circuits (Miller 

Cl Screen Decoupling 
C2 D.C. Blocking 
C3 Anode Decoupling 
C4 D C. Blocking 

R1.R2 Screen Feed 

Potentiometer 

R3 Cathode LoadS.Bias 
R4 Anode Load 
RS Anode Decoupling 

tput 
ItaPe 


Fia. 2.8 a. a Practical Grounded-grip Amplifier 

The component values employed will deiiend on the frequency and 
bandwidth of the signal. 

effect) to such an extent that the circuit may employ a triode 
valve even for U.H.F. use. The control grid behaves in a 
similar manner to the screen of a tetrode or pentode and may, 
moreover, in special valve designs form an integral part of the 
outer earthed metal screen of the valve rather than be earthed 
externally through a capacitor as in the case of the screening 
grid of a normal valve. The grounded-grid triode radio-fre¬ 
quency amplifier was used extensively in the first stage of 
radar receivers to achieve a better signal-to-noise ratio than 
is obtainable with a tetrode or pentode type valve (see Chapter 
VI). For this reason it will find increasing favour with tele¬ 
vision receiver designers since, as in radar reception, the wide 
frequency band required accentuates the noise problem. A 
practical arrangement is shown in Fig. 2.8 a.<^^» 
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2.9. The Cathode-output Cathode-follower ”) Amplifier. 

The third arrangement, due to A. T>. Blumlein,* differs yet 
again in basic properties from the normal amplifier circuit. 
In this case the signal is applied between grid and earth in 
the usual manner but the whole of the output circuit load is 
placed between cathode and earth, leaving the anode effectively 
at earth potential. 

When the input voltage changes in (say) the positive direction 
fche anode current rises but not to the extent that it would in a 

normal amjJifier (i.e. one with¬ 
out a cathode load), because the 
increased voltage drop across the 
cathode load, in making the 
cathode follow in the same 
direction (positive) as the grid^ 
restricts the actual change in 
grid-to-cathode ]).d., which, of 
course, is the controlling factor 
in the amount of anode current 
change. The signs placed on 
Fig. 2.9a for this change of input voltage confirm that tlie 
input and output voltages which act in series between grid 
and cathode are actually in opposition. A negative change 
of input voltage causes the cathode potential to fall in 
sympathy. The signal is therefore reproduced across the 
cathode load and, as in the case of the cathode-input stage, 
without change of phase. With regard to relative signal 
amplitudes, it will be obvious that (a) the output voltage 
cannot exceed the input voltage, and (6) the grid-cathode p.d. 
added to the output voltage will equal the input voltage. The 
stage gain will, therefore, always be less than unity. This 
result does not imply that the valve itself fails to amplify; 
that it does amplify is shown by the fact that the output 
voltage is considerably larger than the actual grid-cathode p.d. 
for all except very small values of cathode load and increases 
as the latter is raised. The actual gain is ///(// + 1) (nearly). 



Fia. 2.9 a. The Relative Ampli¬ 
tudes AND Polarities of the 
Sh^nal Voltages in a 
( 'athode Follower 


British Patent No, 448421, 
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where // is the amplification factor of the valve. A useful 
aspect of the cathode follower is that it may be regarded as an 
‘"amplifier” in which the entire output voltage is fed back in 
opposition to the input (i.e. JOG per cent negative feedback). 
Two valuable properties of the cathode follower are its high 
input impedance and low output impedance by comparison 
with the corresponding impedances occurring wJien the same 
valve is used with the normal amplifier connection. 

The high input impedance will be understood when it is 



Cl D.C. Blocking 
C2 Anode Decoupling 
C3 D.C. Block 
Rl Grid Leak 
R2 Grid Bias 
R2 + R3 Cathode Load 
R4 Anode Decoupling 
R5 Coupling 


Fiu. 2.9b. a Typical PitACTirAT. CVruoDi!; -followed Ctrcitit 


remembered that of the entire input only a small fraction 
ajipears across grid and cathode; the input impedance of the 
valve (i.e. chiefly its grid-to-other-electrodes capacitance) is, 
therefore, in effect tapped down the grid load developing the 
input voltage, and the load on the source of the latter is 
correspondingly reduced. The low output impedance is due 
basically to the fact that, the H.T. + line being at earth 
potential from the signal point of view, the anode-cathode 
impedance of the valve is in parallel with the cathode resistor, 
and since the latter may be only a few hundred ohms, due to 
the parallel connection the total output impedance will be 
even less than this figure. The output impedance is further 
reduced by the fact that, due to the effect of the grid, the 
effective value of the anode impedance is reduced by the factor 
1 

--. As already noted, similar reasoning accounts for the 

/>e + 1 

low input (cathode to ground) impedance of the cathode- 
input stage. A practical circuit is given in Fig. 2.9 b.^^^* 
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2.10. The ‘‘ Bootstrap ” Circuit. Before making a comi)arison 
of the three basic circuits another possibility which lies inter¬ 
mediate between cases (i) and (iii) must be mentioned. If the 
load 'of circuit (i) is connected on the cathode side of the 
valve so that the anode is earthy and both grid and cathode 
are left “floating,” the arrangement shown in Fig. 2.10a 
results. It differs from the normal amplifier in producing no 
reversal of signal polarity and from the cathode follower in 
having a possible gain of the same order as the normal amplifier. 

--^Additional Output 
when Anode is Loaded 


In some applications an 
Anode Load, is used in 
addition to the Cathode Load 


Fig. 2.10a. Basic Arkangement of the “Bootstrai*” Method 
OF Operating an Amplifier 

The fact that a positive increase in grid potential causes a 
much larger rise in the cathode potential, thus lifting the 
absolute potential of both terminals of the signal source, has 
given rise to the name “bootstrap.” Its use is limited by the 
fact that both sides of the signal source must be floating but 
a suitable feed is readily provided when the stage is fed from 
the anode circuit of a preceding stage. It was developed by 
Newsam* for time-base linearization and for providing a balanced 
two-phase output in electrostatic C.R.T. deflection amplifiers. 

2.11. Comparison of the Three Basic Valve Arrangements. 
It will be useful to compare the properties of the three basic 
amplifier configurations described in the preceding sections 
because such a comparison has led to the development of 
important practical arrangements in which the basic types are 
associated so as to combine their respective advantages. 

* British Patent No. 493843. 
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Table IV: Comparison op Properties of Basic Valve Circltits 


Property 


Normal 

Amplifier 


Amplifieation . 
Polarity change 
Input Impedance 
Output Impedance . 


Normal 

Reversed 

Normal 

Normal 


Grounderl- 

grid 

Slight Increase 
None 
Very Low 
Increased 


Cathode 

Follower 


Less than unity 

None 

High 

Very low 


A schematic comparison, taking the normal amplifier as a 
standard, has been drawn up in Table IV. A more precise 
analysis is given in Appendix I, § 3. The table should not be 




Output 1 
0utpui2 


Fig. 2.12a. The Cathode-coitpled DocBLE-TriioDE Amplifier 


interpreted too rigidly—in particular, purely resistive signal 
loads are assumed. 

The table brings out clearly the complementary features of 
the cathode follower and the cathode-input amplifier. The 
low output impedance of the former makes it a suitable driver 
for the latter and the combination provides an amplifier having 
two important advantages over the conventional arrangement, 
viz. higher input impedance and no reversal of signal polarity. 
The fact that two valves are required instead of one is offset 
by the possibility of employing triodes which can easily be 
built into a single envelope—many such valves having separate 
or common cathodes are, in fact, commercially available. 

2.12. The Cathode-coupled Double-triode Amplifier. The 
basic circuit of the combination amplifier just introduced is 
given in Fig. 2.12a. It was developed by A. D. Blumlein. The 
input signal is applied between the grid of triode I and earth, 
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while the output is taken from the anode of triode 11. The 
two triodes are directly coupled by the common cathode 
resistor, and the important feature of the circuit is that the 
two anode signal currents, being similar in amplitude but in 
anti-phase practically cancel and the consequent reduction of 
feedback allows the common cathode load to be made quite 
large provided adequate H.T. is available to make good the 
voltage loss across it. 

The chief applications of the cathode-coupled double-triode 
arrangement in television receivers are in the discharge circuit 
of time-base wav^e generators (as a multivibrator) and in the 
synchronizing system; it will probably also find increased use 
in the signal amplifier circuits. 
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CHAPTER III 


THE PICTXJRE TUBE AND ITS AUXILIARY 
CIRCUITS 

3.1. Laws of Electron Motion in Electric and Magnetic Fields. 

The processes occurring inside the cathode-ray tube on which 
the received picture is reconstituted are governed by the laws 
of motion of the electron in steady electric (“electrostatic”) 
and magnetic (“magnetostatic”) fields. The cathode-ray beam 
is formed, “prefocused,” and controlled in intensity by electro¬ 
static fields in the “gun” portion of the tube, but subsequent 
main focusing and deflection is usually done magnetically. 

An electrostatic field makes its presence felt by its effect on 
an electrically charged body such as an electron. At every 
point in the field the force exerted acts in a definite direction 
and with a certain strength and it is helpful to think of the 
field as a system of lines of electric force running in the direction 
of the force and corresponding in number per unit area to the 
field intensity. The strength and direction of the force are 
connected with a more fundamental quantity called the 
potential, which, at any point, is measured by the energy 
required to bring a unit electric charge from a point outside 
the field up to that point, work being done against the force 
exerted by the charges producing the field. Another useful 
conception is that of the surface of equal potential, i.e. the 
surface formed by all points having the same potential. The 
“equipotential” surface at any point is perpendicular to the 
line of electric force passing through it. When an electron is 
free to move in an electric field it tends to travel along the lines 
of force, i.e. at right angles to the equipotentials. The advan¬ 
tage of thinking in terms of the latter is that they can be 
estimated or measured for an actual electrode system more 
easily than the lines of force. A simple example of these basic 
ideas is provided by a single point charge (Fig. 3.1 a); its 
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lines of force (or “electric flux”) run radially in all directions 
while the equipotentials form successive concentric spherical 
shells around it. The trajectory of an electron free to move 
in such a field is a radial (straight) line inwards or outwards 



Point Electric Charge 


Fig. 3.1a. The Simplest Form of Electrostatic Field 

Tho relationship between the direction of the. lines of force and the surfaces 
of equal potential (“equipotentials”) is clearly shown. 

depending on the sign of the charge. The principle of electro¬ 
static deflection and focusing is that when an electron moving 
in a field having a certain potential say), and with a velocity 
corresponding to this potential, passes into a region at a 
different potential sa-y), it is deflected at the boundary 
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Fig. 3.1b. The Refraction of Electrons 

An electron passing to a region of higher potential along a path obli(iue to the 
boundary between the two regions is refracted towards the perpendicular 
through the point where the boundary is crossed. The potential throughout 
each region is constant. 

between the two regions by an amount which depends on the 
ratio V 2 IV 1 , If V 2 is higher than for example, the electron 
velocity will increase and the natural tendency of the electron 
to move normally to the equipotentials causes it to bend 
towards this direction (see Fig. 3.1b). In the special case of 
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an electron incident at right angles to the boundary there is 
no change in the direction of travel of the electron. 

Motion of an electron in a magnetic field is more complex.* 
Again, it is best to regard the field as a system of lines of force 
(“magnetic flux”) representing, point by point, the direction 
and intensity of the field. The fundamental law is that the 
force exerted at any instant on the moving electron, due to the 
interaction of its magnetic field with the independently pro¬ 
duced field in which it is moving, is per])endicular both to the 


, . Magnetic Flux Lines 

• • — Perpendicular io the 

• • Plane of ihe Paper 

—- Circular Trajectory of 

• • Radius Proportional to 

• * Initial Velocity and 

• * Traversed at Constant 

Initial) Speed 

Fid. 3.1c. Electron Motion in a Macnetic Field 

The siniplost cas(‘ of electronic motion in a uniform magnetic field is illustrated 
abov<!, wheni the lincK r)f flux run vertically into the pafjcr. If the flux is reversed 
the circular path lies to the left of the initial direction of motion. 

instantaneous velocity of the electron and to the direction of 
the field (see Fig. 3.1o). A convenient way of memorizing this 
law is provided by Fleming’s Left-hand Rule: If the First 
finger of the left hand is pointed in the direction of the magnetic 
Field and the second finger in the direction of the Chirrent 
(i.e. the opposite direction to that of the electron velocity), 
then if the thuil/b is held at right angles to the two fingers it 
will point in the direction of the resultant Motion (see Fig. 3. Id). 
Apart from the limited flexibility of the hand it is difficult to 
use this law to determine the actual path of an electron in a 
given field, even when the latter and the starting conditions 
of the electron are both known, because as the electron turns 
under the influence of the interaction force the latter turns 
with it, for the three factors involved must remain mutually 
perpendicular. It is not difficult to prove, however, that when 
* See Appendix I (§A1.4), 
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Fig. 3.1e. Deviation of a Moving 
Electron by a Localized Fxelp 
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Z.2. Functional Description of the Picture Tube. The pro- 
cesses involved in the production of the finely focused spot on 
the screen of the cathode-ray tube are shown schematically in 
Fig. S.2a; they are as follows— 

(i) A cathode emits electrons which collect in a thin film 
(“space charge”) over the cathode surface. 

(ii) An electrode, called the anode or accelerator, placed a 
short distance away from the cathode, and charged to a very 
liigh positive potential relative to the cathode, draws electrons 
out of the space charge and sets them moving with high 
velocity down the tube. 

(iii) A negatively charged (relative to the cathode) electrode 
called the grid or modulator (see (iv)), placed between the 
cathode and anode, shaped and positioned in such a manner 
that it sets up an electrostatic field pattern in front of the 
cathode, curved (Fig. 3.3 a) in such a manner that the 
initially divergent electron stream drawn away by the anode 
is sufficiently “prefocused” (a) to pass through an aperture 
in the anode and (6) to limit the cross-sectional area of the 
beam entering the main focusing field beyond the anode. 

(iv) The grid also serves to control the intensity of the beam 
of electrons set up by the anode and cathode. If its potential 
is made sufficiently negative it will neutralize the attractive 
effect of the anode on the space charge and will therefore cut 
off the beam. As its potential is raised from this ‘‘cut-off” 
value the beam intensity increases. The maximum intensity 
is set by the falhng off in the prefocusing action mentioned 
in (iii). 

(v) The controllable, narrowly divergent, fast-flowing beam 
emerging from the anode passes into the main focusing field. 
This is a region of magnetic flux, of which the representative 
“lines” run parallel to the axis of the tube, set up by direct 
current flowing through an external inductor or a surrounding 
permanent magnet. This field must be of uniform intensity 
but its direction (left to right, or right to left) is immaterial; 
its strength will determine the distance the beam has to travel 
before reaching the focal point. 




Fig. 3.2a, FuNcrioxAii Schematic of the Pictube Tube 
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(vi) Deflection of the beam is accomplished by setting up 
magnetic fields in which the force “lines” run perpendicularly 
to the axis of the tube. The direction of deflection is at right 
angles both to the tube axis and to the field direction. In 
practice two deflection fields are used so that by horizontal 
and vc^rtical disjdacements the beam may be made to strike 
the screen at any desired point. 



Fic;. 3.2h. JVIazda CRM 121 (Twelve-inch) ITctuhe Tcbe 
{Courtesy of Edison Swan Electric Co., Ltd.) 

(vii) At the point where the beam strikes the coating on 
the back of the tube face a spot of light is produced by fluores¬ 
cent action. The beam and spot intensities are approximately 
proportional to each other so that when the vision signal is 
applied between grid and cathode the screen spot intensity 
varies similarly. 

(viii) Finally the electrons flow in a slow diffuse stream away 
from the screen and are picked up at the tube walls by an 
inner conductive coating and taken back to the tube anode. 

These processes occur in an evacuated space enclosed by a 
glass envelope whose general shape differs considerably between 
the directly viewed type of tube generally employed and the 
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considerably smaller projection type now coming into use. 
A good example of the former type is the Mazda CRM 121 
(Fig. 3 . 2 b), whoso cross-sectional shape was shown in Fig. 
1.6a; this tube is l<Sin. in overall length and has a screen 
diameter of 12 in., while its “neck” 
is 6-9 in. long and 1-4 in. in dia¬ 
meter. Directly viewed tubes for 
home receiv^ers have screen dia¬ 
meters ranging from 9 in. to 16 in. 
and emj)loy accelerating potentials 
ranging from 6 to 10 kV. A typical 
])rojection tube (E.M.I.) is shown in 
Fig. 3.2c. While its neck is as large 
and often longer than that of the 
larger type its bulb is cylindrical 
and of the order 3-6 in. in both 
length and diameter. Electrically 
the two ty})es of tube do not differ 
considerably in structure or in 
jnethod of operation, but the brilli¬ 
ant picture necessary for projec¬ 
tion requires a considerably higher 
accelerating voltage (20-30 kV). 

In both cases the use of electromagnetic focusing and deflec¬ 
tion leads to a very simple internal electrode system consisting 

Cathode 
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Fig. 3.2d. General Electrode Arrangement of the Mazda 
(^KM 121 Picture Tube 


only of the heater, cathode, grid, and anode structure mounted 
on a glass pinch. In the Mazda tube the anode takes the form 
of a metal deposit on the inner side of a cylindrical extension 
of the bulb (see Fig. 3. 2d). 



70 


PKINCIFLES OF TELEVISION RECEPTION 


The tube is mounted in the receiver cabinet horizontally, 
or with a slight upward tilt, and is gripped at the screen end 
in a tight-fitting rubber moulding (the “mask ” of which exposes 
an area of the screen of the largest rectangular shape and of 



Fio. 3.2 e. The Cossor Model 902 Receiver 

This Illuatration shows clearly the normal method of mounting a dircctly- 
vicwod tube. Special features arc the anti-implosion net and magnetic ion 
trap (near the tube base). (See also Fig. 8 . 1 B.) 

{Courtesy of A, C. Cossor, Ltd.) 

correct aspect ratio). The neck end of the tube is usually 
supported by the focusing assembly (see Fig. 3.2e). The once 
popular method of mounting the tube vertically upwards and 
viewing the picture in a mirror mounted in the raised receiver 
lid at an angle of 45 degrees (see Chapter VIII) has lost favour, 
although the mirror has reappeared as an element in the new 
projection systems. 

It is usual practice to protect the viewer from implosion of 
the large directly viewed tube by fixing a thick sheet of un- 
splinterable glass over its face. 
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3.3. The Gun: Prefocusing and Intensity Control. With this 
general picture of the tube action in view it will be possible 
now to consider the detailed theory of the various parts of 
the tube, on the basis of the laws of electron motion already 
given. 

Invariably the cathode is indirectly heated, to allow the 
use of an equipotential emitting surface, while the heater wire 
is wound in ‘‘bifilar’' (i.e. in a double spiral) or zig-zag fashion 
to ensure that the magnetic field practically cancels; by these 
two devices the cathode region is freed from spurious fields. 

The prefocusing mentioned 
above is necessary since it is not 
possible to obtain adequate emis¬ 
sion from a “point” cathode. 

By suitable shaping and setting 
the potential of the grid the 
equipotential surfaces between it 
and the cathode curve back¬ 
wards towards the latter (see 
Fig. 3.3a). Consequently the 
electrons drawn towards the grid aperture by the attraction 
of the anode converge towards a “crossover” point and then 
diverge again as they proceed down the tube. The formation 
of the crossover also helps the focusing problem by limiting 
the angle of divergence of the beam entering the main focusing 
field. The cathode-grid-anode system forms what is called an 
“immersion” lens in electron optics. The crossover is very 
close to the cathode but its position varies with grid voltage; 
as the latter is reduced (i.e. made less negative), the cross- 
sectional area of the crossover increases and the degree of 
focusing obtained becomes inadequate. 

Variation of the grid potential is necessary, however, since 
it is by this means that the spot intensity is varied in order to 
recreate the picture; the defect just noted sets a limit to the 
maximum picture brightness. 

The action of the grid in controlling the beam intensity is 
similar to that of the control grid of an amplifier valve; in 


Grid Anode 



Fig. 3.3a. Piiefocusing of 
THE Electrode Beam 

I’lio backward curvature of the equipo- 
tentials in the cathode-Krid space ])re- 
focus the cathode to a “cross-over” in 
the (jrid-anode region (A). 
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fact, the gun as a whole (i.e. cathode, grid and anode) functions 
similarly to a triode valve except that the anode does not 
collect the forward beam current. This similarity is apparent 
in the grid-volts v. beam-current characteristic of the tube, 
any nonlinearity in which causes picture brightness distortion. 
A typical characteristic (Mazda CRM 121) is shown in Pig. 3.‘1 b 



—the maximum beam current for this tube is specified by the 
manufacturer as 150 

3.4. The Main Focusing System: Theory of Focusing. The 

gun structure is very much the same in all types of low-voltage 
cathode-ray tube, but the television tube differs from, for 
example, the oscilloscope type of tube in having a magnetic 
main focusing system. The latter is inherently capable of 
focusing satisfactorily a broader and more intense beam than 
electrostatic lens systems but suffers from the disadvantage 
of being bulky and heavy and, in its most common form, of 
requiring a source of current of the order of 50-100 mA. 

It will be best to approach the theory of the focusing action 
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through a simple idealized case. Suppose that the axial mag¬ 
netic field required for focusing extends throughout the tube 
interior and is constant in strength and direction. If an electron 
sets off from the cathode exactly along the tube axis the mag¬ 
netic field will have no effect upon it (which is as desired), 
because the electron has no component of velocity perpendi¬ 
cular to the field. If an electron diverges from the axis, however, 
the magnetic field immediately acts upon it and changes its 
motion. The result can conveniently be determined only by 


Path of Electron 
Diver^from A x/s 
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Axial Component 
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Ficj. 3.4a. Components of Electron Motion in the 
Cathoi>E'Ray Tube 


considering the component velocities of the electron, as shown 
in Fig. 3.4a. Viewed from the side of the tube there will be 
two components of the initial velocity, one along the axis 
(which is unaffected by the field), and the other perpendicular 
to it (i.e. in the radial direction). It has been shown (§ 3.1) 
that an electron moving at right angles to a field traverses a 
circular path and goes through its starting point once per orbit. 
In the case under consideration the radial component of initial 
velocity will, owing to the effect of the field, develop into a 
circular motion and, because of the axial component of velocity, 
this rotation will be accompanied by a simultaneous axial 
movement. The complete trajectory will, therefore, be a helix 
(Fig. 3.4b) and the electron will return to the axis once per 
helical turn. Since the time taken to complete the latter is 
independent of the amount of the initial radial motion all 
electrons wiU return to the axis at the same points. Successive 
points are separated in time by an amount depending only 
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on the field strength, and, in distance, by an amount depending 
both on the field strength and on the axial velocity of the 
electrons. With a given anode potential deciding the axial 
Perspective View View 



Fig. 3.4b. Focusing Action in a Field extending over the 
Entire Length of the Tube 


velocity the first focal point can be brought into the plane 
of the fluorescent screen by adjustment of the magnetic field 
strength. 

In certain types of camera tube the magnetic field is required 
to extend over the whole length of the tube, but in the case 
of the picture tube this is impracticable 
and unnecessary. The magnetic focusing 
field occupies only a small length of the 
tube and the flux distribution and its 
components are of the form shown in 
Fig. 3.4c. Along the tube axis the field 
strength is purely axial but varies rapidly 
in strength from zero through maximum 
to zero again, while at every point off 
the axis the field has a radial compo¬ 
nent. If the latter is disregarded and 
the field assumed to be purely axial, but 
of short length, it will focus divergent electrons in a similar 
manner to the ideal case just described and the helical motion 
imparted by the axial field will, if of the correct strength, 
take each electron through part of a complete turn and eject 
it at the instant it is travelling towards the axis as shown 



Fig. 3.4c. The Axial 
[ Ha ) AND Radial (Hr) 
Components of a 
Short Magnetic 
Focusing Field 




THE PICTURE TUBE AND ITS AUXILIARY CIRCUITS 75 

in Fig. 3.4d. The effect of the radial component of the field is 
to augment considerably the component of electron motion 
across the axial field and is best considered in two steps, thus— 

(i) The axial velocity component in tending to curl round 
the radial flux begins to move perpendicularly to its own 
direction and to that of the flux. 

(ii) This new component of motion acts at right angles to 
the axial flux (as does the initial radial component of electron 
velocity) and therefore tends to curl round it with consequent 



Perspeclive View End View 

(Axial Magnetic Flux not sl^own) 

Fig. 3.4d. Focusing Action in a Shokt Magnetic Field 


hehcal motion. The resultant helical motion is therefore due 
partly to (a) interaction of initial radial velocity and axial field 
and (6) interaction of the induced transverse velocity (due to 
interaction of radial flux and axial velocity) and axial flux. 
The essential factor in magnetic focusing is, therefore, the 
existence of an axial magnetic field and the degree of focusing 
can be expressed in terms of it alone. The important practical 
points are that it need not extend over the entire tube axis 
and may act in either direction.^^* 

3.5. The Main Focusing System: Practical Arrangements. 
The required axial field may be provided by a current-carrying 
solenoid, by a permanent magnet or by a combination of both. 
The purely electromagnetic method provides a simple and 
inexpensive arrangement and the field produced is readily 
controlled by varying the current; on the other hand, it 
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absorbs considerable power (e.g. 50 mA at 50 V - 2*5 W, in 
a typical case) continuously from the receiver power supply, 
wKich power is dissipated in heat and increases thermal in¬ 
stability. Also, the inductor current varies with change of load 
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All”magnetostatic Focusing 


Au)^iliary 

Inductor 
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and Auxiliary Focusing 
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(Ccnurtesy Sobell Ind Lid) 


Fig. 3.5a. Pkactical P’ocusing Arrangemkxts 


on the H.T. supply unless an independent current source is 
used; further, the \ariable resistor required for control of 
focus must have a high wattage rating. The use of a permanent 
magnet overcomes all these disadvantages at the cost of not 
being readily controllable; other disadvantages are that its 
mechanical construction is more elaborate and needs to be of 
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closer tolerance in dimensions. It is more expensive owing to 
the use of magnetic material and its processing equipment 
which is not normally available in a radio works. Again, there 
is the difficulty of uniform initial magnetization and the possi- 





Control Circuit for Auxiliary Focus Inductor 
Fi(i. 3.5b. Focusing Inductor Circuits 


bility of subsequent loss of magnetization. An example of 
each arrangement is given in Fig. 3.5a, and suitable control 
circuits in Fig. 3.5b respectively. The coil is a multi-layer 
solenoid of rectangular cross-section contained in a soft-iron 
shroud having a gap of approximately J in. in its inner side. 
The number of ampere turns required is usually from 400-800. 
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The equivalent magnetostatic arrangement employs a circular 
ring of rectangular cross-section, magnetized along its axis 
(i.e. perpendicular to the side faces), which is clamped between 
soft-iron “gap plates’’ as before. The construction is compli¬ 
cated, however, by the need for an adjustable gap or control¬ 
lable leakage path. A simple device of the latter type used 
by Cossor is a soft-iron sleeve which slides on the tube neck 
and bypasses flux from the main gap to an increasing extent 
as it is pushed toward the magnet assembly. The most satis¬ 
factory (albeit most expensive) arrangement is a combination 
of the two basic methods; the main field is provided by a ring 
magnet of large diameter and a relatively small inductor placed 
inside the magnet carries a small current of controllable strength 
and direction which is adjusted by a panel control to bring the 
resultant field to the exact strength required. 

The magnet and/or inductor assembl}^ usually has adjustable 
three-point mounting on a vertical standard or plate so that 
its axis may be aligned with that of the tube; in practice this 
adjustment is normally used to centralize the raster in the 
screen mask. It is desirable to screen the focusing system 
from the deflector assemblies; the screen may be an integral 
part of the focusing system mounting. The latter provides a 
suitable rear support for the tube when, as is usual, the latter 
is mounted horizontally; the tube neck is normally gripped 
in a rubber ring or sleeve which fits the inner surface of the 
gap plates (see Fig. 3.2e). 

The focusing system may be regarded as a lens which focuses 
the beam crossover (object) to a spot on the fluorescent screen 
(image). On this basis it will be understood that as the focusing 
assembly is moved toward the tube cathode the magnification 
of the image (spot) increases. The assembly is normally 
positioned so that at the normal viewing distance the line 
structure is barely discernible. This distance is of the order 
of 5 to 6 times the picture height, i.e. 4 ft for a 10 X 8 in. 
picture. 

The current required for focusing is often obtained by bleed¬ 
ing the normal H.T. supply of the receiver and adjustment 
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achieved by a variable series resistor (Fig. 3.5b). Alternatively 
the H.T. current of one or more of the receiver circuits may 
be passed through the focus circuits; the variable resistor will 
then need to be parallel to the inductor. The combined method 
of focusing requires a small reversible current which may be 
derived from a form of bridge circuit. 

3.6. The Deflection System. When the electron beam passes 
into the transverse deflection field it commences to move away 
from the axis and follows a circular path of large radius. The 
latter decreases, so that the spot displacement on the screen 
increases, either as the deflection field strength (which is propor¬ 
tional to the deflector ampere-turns) is increased or as the beam 
velocity (which is proportional to the square root of the anode 
voltage) is reduced. For a given field strength and final anode 
potential the angle of deviation increases with the axial length 
of the field. Finally, for a given deviation the spot displacement 
is proportional to the distance between the centre of the field 
and the screen. An advantage of magnetic deflection, by 
comparison with the use of voltage-operated internal deflector 
plates (as in oscilloscope tubes) is that the necessary current for 
wide deflection is more easily generated than the corresponding 
voltage. Accordingly, relatively short tubes are made possible. 

Since the field strength due to a current-carrying coil is 
proportional to the product of the current and the number of 
turns (the ‘'ampere-turns”), it would appear that a large 
number of turns could be employed in the deflection windings, 
thus allowing a small deflection current. While this is largely 
true in the case of frame inductors a limit to the number of turns 
is set for line inductors by the induced e.m.f. occurring during 
the flyback. At the end scan the flux around the inductor 
must be reduced to zero in a few micro-seconds. The rate 
at which the flux lines cut the inductor during this rapid collapse 
of the field is such that a very high voltage is generated. 
The latter is proportional to the inductance and also to the 
rate of decay of the deflection current, while the inductance is 
proportional to the square of the number of turns. Thus, if 
n (number of turns) is doubled, L is multiplied by 4, the 
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maximum current required is halved, and the rate of fall of cur¬ 
rent halved, so that the back e.m.f. is doubled, ('learly as n is 
reduc<^d the back e.m.f. falls. Accordingly, the line deflectors 
have a comparatively small number of turns and carry a high 


Magnetic Flux 



Cross-sectional View of Saddle Type Defjection 
Inductor.The Sections are Connected in Series 
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Screen^ -^- Tube /Ix/s 

[j 1 \j 

Direction 
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Perspective Sketch of Form of the Saddle Type 
Inductor (Shown as Single Turn) 

Fk;. 3.6a. The iSaddle Type of Deflection iNDuerroB 

current, i.e. their impedance is low, they are invariably of the 
saddle type and driven by a step-down transformer (5 to 10-1). 
Frame inductors may, however, be of high impedance and 
directly driven, thus saving a transformer. 

The most important requirement in regard to the scanning 
inductors is uniformity of their magnetic fields, i.e. imaginary 
flux lines representing the latter must be parallel and evenly 
spaced in the region of the field traversed by the scan beam 
over the entire frame scan. The shape of the field produced by 
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an inductor depends on its “gconietry'’ (form and arrangejuent 
of turns) and on its magnetic circuit and not appreciably on the 
current strength. The first stop in aeliieving uniformity of the 
deflection fields is to split tlie inductors into series-connected 
halves arranged symmetrically one on either side (jf the tube 
neck. Using simple flat inductors tlie resultant held would 



Fk;. 3.6b. Typk’al Sai>i>bk iMmu'Toii Assembly 
{Courtesy of LUl.) 

still not be sufficiently uniform but a considerable improvement 
is obtained by bending each winding to fit closely the neck of 
the tube (see Figs. 3.6a and 3.6b). Both deflection windings 
are usually of this form, called “saddle” inductors; one pair 
(for frame deflection) is made shorter than the other to allow 
its ends to fit behind those of the longer pair. An alternative 
method is possible and is illustrated in Fig. 3.6c; in this case 
the flux distribution is controlled by a magnetic circuit in the 
form of a thick flat strip bent into a square box. Two opposite 
sides carry the deflection windings which are connected in 
opposition to make the remaining sides a pair of consequent 

4-(T.575) 
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poles. Inductor assemblies of this type arc shown in Figs. 3.2e 
and 3.6g. A third form is the so-called “toroidal” type shown 
in Fig. 3.6d. In this arrangement each of the deflectors is split 
into four or eight multi-layer sections which are spaced around 
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(Ccmrtesu Sobelt 
Industries Ltd.) 

Fig. 3.6c. The Consequent-pole Deflection System 


the circumference of a laminated cylindrical core. The physical 
arrangement is clearly shown in Fig. 3.6e. In this example 
each of the sections contains one X winding and one Y winding 
and the number of turns in each section are chosen to produce 
the most uniform resultant fields. For simplicity only the 
line flux is shown in Figs. 3.6c, d. 
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The spacing between adjacent sides of a saddle inductor is 
critical for uniformity of the resultant field. Some ingenious 
DeFleciion 



3.O1). Cross-section of a Tokoioal Deflection Indik’tor 

attempts have been made to improve this even further, e.g. by 
varying the shape of the cross-section of its sides, and by sub- 



P'lo. 3.0 e, a Toroidal Deflection Indiictor Assembly with 
Cylindrical Cover Removed 
{Courtesy of E.M.T., Ltd.) 

dividing the inductor into a number of sections of different 
gauge wire. The result of non-uniformity of the deflection fields 
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is distortion of shape of the raster. This distortion takes either 
of two forms, called ''barrel’ and "pin-cushion,” corresponding 
to the two possible forms of non-uniformity shown in Fig. 3.Of. 



(a) (h) 


Fig. 8.(>f. Ngn-imkokm Fields 
T ype (a) produces a barrel and tyix; {b) a pin-cu.sljioii-sliai>ed raster. 


It is (piite impracticable to achieve jicrfect uniformity in 
the deflection field, particularly at its boundaries. Another 
result is that the focusing of the electron beam is impaired 



Fig. 3.6g. A Group op Picture-tube Auxiliary Components 

From left to risht they are: an E.H.T. transformer; a line output trans¬ 
former; a HcanniiiK-induetor assembly; and a focusing-iiiductor assembly. 

{Courtesy of Haynes Radio, Ltd.) 

and to an extent which increases with the field strength; this 
effect is called "deflection defocusing.” The practical design 
problem is to limit the extreme deterioration occurring in the 
corners of the raster—one point is the need, in the case of 
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saddle inductors, to bring the ends away from the tube neck 
instead of making them fit it closely. 

Because of the large gap presented by the tube neck the 
strength of the magnetic field produced by a scanning inductor 
cannot be considerably increased by the use of an “iron” 
circuit; on the other hand, the use of the latter is usually 
(considered worth while. Wlmrc saddle inductors are used for 
both line and frame deflection they are often enclosed by a 
cylindrical ferromagnetic tube or a stack of pairs of U-shaped 
laminations. While normal materials such as stalloy would be 
satisfactory for the frame circuit, the drop in efficiency of these 
materials at line frecpumcy recpiires the use of a nickel-iron 
alloy such as radiometal or rhonudal (or (H{uival(mts). 

The number of turns required is from 100-250 for saddle 
inductors and is of the order 2000-4000 for the high-impedance 
type. Both figures refer to one-half of each split ])air. The 
corresponding wire gauges are of the order 28 and 42 S.W.G. 
respectively. Inductance values are of the order of lOmH for 
line saddle, 20 inH for frame saddle and 1 H for high impedance 
frame inductors. The complete inductor assembly is mounted 
on a tube of insulating material which slides over the tube 
neck ; when stacks of laminations are fitted around the in¬ 
ductors a box frame is used to obtain a rigid assembly.^®* 

3.7. The Fluorescent Screen. A wide range of materials 
(called “phosphors”) possessing the property of emitting light 
under the bombardment of an electron beam is known. They 
differ in the colour of the light produced, in efficiency of 
conversion of the electrical energy of the beam into radiant 
energy and in the rapidity with which they respond to rapid 
variations of beam intensity. The need for white light, efficient 
energy conversion, and rapid response (“short afterglow” 
following cut-off’ of the beam) restricts the number of materials 
suitable for picture tubes. An approximation to white light 
can only be obtained by the use of two or more constituents. 
Thus cadmium tungstate fluoresces light-blue and white, zinc 
phosphate provides red; a suitable mixture of the two (with 
the former predominant) gives white. Another commonly used 
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material is zinc-cadmium sulphide activated by copper—or 
silver. Physically the screen material is of fine crystalline 
form; it is held to the screen face by a suitable adhesive such 
as s6dium or potassium silicate.<^^* 

The proportion of heavy negative ions normally present in 
the beam is deflected to a much lesser extent than the electrons, 
so that they bombard a relatively small area at the centre of 
the screen and, particularly if the tube is consistently used 
with little negative grid bias (i.e. high beam current), eventually 
produce a large spot (“ion burn’’) by killing the fluorescent 
property of the central area. The ions can be deflected in the 
gun by application of an electric field and the normal direction 
of the electron beam subsequently restored, but the trouble will 
probably disappear with the general adoption of aluminium 
backed screens. At present ion traps are rarely fitted. An 
example of an external magnet assembly is shown in Fig. 3.2e. 

3.8. Optical Systems for Projection Tubes. The bulkiness of 
the directly-viewed type of tube and the consequent restriction 
it places on the size of the reproduced picture has led to the 
development of comparatively small tubes capable of producing 
sufficiently bright pictures to allow satisfactory projection on 
to a separate screen with enlargement to sizes considerably 
greater than those obtainable by the other method. 

Of the two types of optical device available for producing 
a magnified image of an object, viz. the lens and the curved 
mirror, the latter is by far the more satisfactory and is used 
exclusively in present systems. In the case of the lens all the 
important optical defects such as spherical aberration, coma, 
astigmatism, etc., are, except for the first-named, proportional 
to distance from the common axis of the spherical surfaces 
forming the system. The spherical mirror, on the other hand, 
in having a single surface, suffers only from aberration and 
would, but for this defect, be ideal. Moreover, it is free from 
chromatic aberration, since it is based on the laws of reflection 
(as distinct from those of refraction) which are independent of 
light wavelength (i.e. of colour). 

The result of directing a beam of large cross-section parallel 
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to a radius on to the inner side of a spherical reflecting surface 
(i.e. a concave spherical mirror) is shown in Fig. 3.8a. Each 
ray is deflected at the mirror surface according to the law that 


/Ax/s- 



Ukj. 3.8a. The Focusinh Action of the Spherical Mirror 

As the (iifitancp of the ray from the axis iiicreaa(*R so its focal point moves 
away from the mirror focus Fo (sphericail ai)errati()n). 


the angle between the reflected ray and the tangential surface 
through the jioint of incidence is equal to that between the 
incident ray and the same surface. If the reflected ray paths 
are drawn carefully it will be found that they do not all cross 



Fig. 3 .8 b. Image Formation in a Spherical Mirror 
Object between focus {F) and centre of curvature (C). 


the axis (i.e. the line coincident with the radius to which the 
incident beam is parallel) at the same point but at a point 
which is farther from the mirror the closer the incident ray 
to the axis. This defect means that such a mirror will focus 
sharply only a narrow pencil of rays, such as would be received 
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from a relatively small object located on (or very near to) 
its axis; such rays are said to be “par-axial.” 

The method of forming an image of such an object is shown 
in Eig. 3.8b. Rays travelling })arallel to the axis are reflected 
back through a point called the focus which occurs half-way 
between the mirror surface and its centre of curvature. Rays 
following a radial path will meet the mirror surface normally 
(i.e. perpendicularly) and will travel back along the same path 
and go through the centre of curvature. These two special 
cases enable the position and size of the image to be located 
uniquely, as shown in the figure. The other two cases should 
be drawn to check the manner in which the relative sizes of 
image and object change with the distance between the object 
and the mirror. There is a simple relationship between the 
various dimensions, namely— 

Size of image Distance of image from mirror centre 

Size of object Distance of object from mirror centre 

“ magnification 

The three possible results for the relationship between 
object and image may be stated in tabular form (Table V). 


Table V: Rkeationkjiti* between Oiuect and 1mac;e 
- Concave Mnuion 


Position of 
Object 

J^osition of 
image 

R('lative Size 
oi‘ linage 

1 

! Orientation 
i of Image 

Ty].)e of 
Imago 

Beyond centre 
of curvature 

Between fo<ais 
and c. of c. 

Reduced 

Inverted 

Real 

Between focus 
and c. of c. 

I^eyond c. of c. 

Knla.rgi‘d 

' Inverted ! 

i 

Real 

Between mirror 
and focus 

Jieyond fo(Tt.s 

! Enlargcnl 

i 

1 

j No change 

1 i 

1 

Virtual 


Since in the first case the image is of reduced size, and the 
third possibility although providing enlargement without 
inversion is ruled out by difficulties of practical arrangement, 
the intermediate ease is generally used. 

So far the object has been assumed to be sufficiently small 
to allow its rays to be taken as par-axial, but the screen of 
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even a small projection tube represents an extensive object 
and some method of eliminating the conseciuent spherical 
aberration is required. The solution to this problem was found 
by a German, Schmidt, in 1930, in the course of development of 
long-range cameras for 
astronomical work.^’*^^ 

The principle is to in¬ 
troduce an additional 
optical element so 
shaped that its spherical 
aberration is equal and 
opposite to that of the 
mirror. The element, 
called an Aspheric Cor¬ 
recting Plate, is shown 
in Fig. 3.8c. When a 
widely distributed 
source of light is being 
handled the correcting 
plate must be placed in 
a position common to 
all rays, i.e. with its 
optical centre at the 
centre of curvature of 
the mirror; otherwise 

its position on the axis 3.8c. Nokmal Mkthod of Arkancinc 

is immaterial The cor- Sphkrtcal Mirror, Asphkrtc Cor¬ 

rector, Tore and Plane Reflecting 
recting plate introduces Mirror in a Projection Type Receiver 

chromatic aberration, 

but for moderate apertures this is negligible and where large 
apertures are required a double-plate achromatic combination 
may be employed. The curvature of the field caused by an 
extended object is readily overcome in the case of a cathode-ray 
tube source since the tube face may be appropriately curved. 

While it is quite possible to construct with sufficient accuracy 
the lens shape required by Schmidt, quantity production, as 
for home television receiver manufacture, is quite out of the 



-Screen 


■ Schmidt 
Aspheric 
Correctinj^ 
Plate ^ 

-Projecilon 
C.R. Tube 


Spherical 

Mirror 

Receiver 

Cabinet 
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question when the technique of the lens worker is used. This 
limitation has been overcome by the development (chiefly by 
I.C.I. in this country) of lenses made of plastic material and 
of ajDpropriate manufacturing methods. Suitable substances 
are refined forms of polymethyl-methacrylate and polystyrene 
(named “Transpex I” and “Transpex II” respectively by 



Fig. 3.8r). Projection Assemblies for Home Keceivers (left) 
AND Cinema Equipment (right) 

{Courtesy Dr. D. Starkie, '‘Endeavour ” and I.C.I., Ltd.) 


.I.C.I.), which materials have been in common use as U.H.F. 
insulating materials for several years. The principal advantage 
of these plastics is that they may be compressed between the 
two halves of a stainless steel mould of the desired shape so 
that once the master mould has been formed by normal optical 
methods, lenses of the correct shape may be reproduced in 
quantity from it. 

In applying Schmidt's camera system to the projection of 
a television picture the positions of object and image are 
transposed and the resultant arrangement, as used in most 
current projection receivers, is shown in Fig. 3.8c. The cathode- 
ray tube is mounted vertically with its face pointing downwards 



^ n\ 



Fig. 3.8e. An Actual Demonstration of the I.C.I. Projection System 
{Courtesy of Dr. D. Starkie '"Endeavour,'’ and Ltd.) 
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towards the large spherical mirror mounted horizontally on 
the floor of the receiver cabinet. The portion of the mirror 
immediately opposite the tube screen is blacked or blanked 
out §o that no light is reflected back to the C.R.T. screen and 
all the light collected from the latter is thrown back past it 



Fiq. 3.8f. Thk Puilco “Mtciio-lens” Ahhanokmknt 

{Courtesy of Philco Corp., Ltd.) 


and travels through the aspheric correcting plate arranged 
concentrically with the tube towards the top of the cabinet 
where a large rectangular plane mirror, arranged at an angle 
of 45° to the axis of the optical system, turns the light through 
90° and throws it on to a translucent screen. In a slightly 
different arrangement used by Philco the plane reflecting 
mirror is mounted vertically in the centre of the front of the 
cabinet and the tube, spherical mirror and correcting plate 
are arranged with their common axis inclined at 45° to the 
vertical (see Figs. 3.8d, 3.8e, 3.8f, and 3.8g). 

The screen on which the picture is viewed is at present 
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subject to intensive research. Apart from the need for maxi¬ 
mum light transmission efficiency it is possible by suitable 
design to reduce the effects of spurious light on the picture 
and to secure optimum distribution of the transmitted light. 
In the most advanced design (developed by I.CM. in Britain) 



Ei(i. 3.8(j. A T’HOJKrrioN Ti be Moi ntin^j 
((UmrtcRy of P/tilco Corp., Ltd.) 


SO far described the face of the screen is formed into a mosaic 
(100 to 1 in.) of horizontal cylindrical lenses and the other 
surface into a similar mosaic (jf vertical cylindrical lenses. 
By this method the bulk of the transmitted light is contained 
within an angle of 90° in the horizontal plane and of only 30° 
in the vertical direction. The directivity thus obtained is 
effective only for the desired transmitted light; any spurious 
light is scattered over a wide angle and is consequently rela¬ 
tively less troublesome. A similar screen (the “Microlens”) is 
used by the Philco Corporation. 
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3.9. Electrical Characteristics and Operating Conditions. 

The principal electrical characteristics of the picture tube are 
its anode-cathode p.d., the corresponding focusing field, its 
deflection sensitivity, maximum beam current, cut-off bias 
(corresponding to anode-cathode p.d.), heater voltage, and 
heater current. 

The requirements of the picture tube in voltage and current 
are— 

(i) An a.c. supply for the heater. 

(ii) H.T. voltage supply of the order 5-15 kV for large 
directly viewed tubes or 20-30 kV for projection types. 

(hi) A controllable negative grid bias voltage (“brightness 
control”) of the order of 50 V max. 

(iv) An adjustable focusing system current up to 100 mA when 
purely electromagnetic focusing is employed, or a much smaller 
value when the focusing field is almost entirely by a permanent 
magnet. 

The picture signal may be applied to the cathode-ray tube 
by direct connection from the anode of the final video-frequency 
amplifier, in which case the tube cathode is usually returned 
to a higher mean potential derived from a potentiometer 
connected across the receiver H.T. supply. Where capacitor- 
resistor coupling to the tube grid is preferred a d.c. restorer 
must be connected in the appropriate direction across the 
resistor. In any case, the cathode end of the tube is always 
electrically near to earth potential and the anode correspond¬ 
ingly positive, as distinct from the oscilloscope case where the 
opposite applies. The normal component of the grid-cathode 
p.d., as fixed by the brightness control, is such that when the 
signal is apphed it must rise to 30 per cent of its maximum 
before the beam current begins to flow, in the British case, or 
must rise to 75 per cent to cut the beam oflF in the U.S. case. 
Thus with no signal the beam will be cut off or at peak bright¬ 
ness, respectively (see Fig. 3.3b). Since the signal is d.c. 
coupled (or effectively so) and has a d.c, component the mean 
anode current and therefore the drain on the anode voltage 
supply will fluctuate with the picture content. 
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3.10. Generation of the High Accelerating Voltage (E.H.T.).* 

The heater current, focusing current, and grid bias for the 
tube are obtained from the common power supply of the 
receiver, time-base, and S 3 mchronizing circuits. This supply is 
conventional and involves transformation, rectification, smooth¬ 
ing, etc., of the normal mains supply (actual circuits will be 
given in Chapter VIII). The high voltage needed for beam 
acceleration, however, requires a separate circuit and may be 
generated by different methods. 

990kA lOOka 



Fi(i. 3.10a. Typical Maiks-opepated E.H.T. Supply 


Use of A.C. Mains. Stepping up the mains voltage and 
rectifying in the normal manner, while feasible and still the 
most used method in television receivers, suffers from two 
disadvantages, namely, the need, because of the low frequency 
of the mains supply, for high-voltage capacitors of large value 
for adequate smoothing and the high cost and large size of an 
adequately insulated power transformer of the normal type, 
both of which could be eliminated by the use of a much higher 
a.c. supply frequency. While such a supply is not available 
from supply mains the low power level at which the high 
voltage is required makes it readily obtainable from a single¬ 
valve oscillator. Alternatively a suitable pulse voltage and 
source of sufficient power is already available in the output 
stage of the line scanning circuit. 

A typical mains-operated voltage supply for a tube requiring 
5-10 kV is shown in Fig. 3.10a. If the reservoir capacitor is 

* E-H.T. = Extra-High Tension. 
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made sufficiently large (say 0-1 //F) additional smoothing may 
not be necessary but the low current drain permits the use of 
a high-value smoothing resistor (200 kO) and two consider¬ 
ably smaller capacitors (0-025 //F), one as a reservoir and 
the other for filtering. The output of the high-voltage 
supply is frequently superimposed on the normal H.T. supply 
to obtain a slightly higher output. When considerabl 3 ^ 
greater outputs are required some form of voltage multiplica¬ 
tion is necessary; this technique will be discussed in a later 
paragraph. 

R.F. Oscillator Method. The radio-frequency type of 
E.H.T. supply uses a beam power tetrode in a conventional 
oscillator circuit. The oscillatory voltage developed across the 
tuned anode circuit is stepped up to a considerably higher 
value over the separate secondary, which feeds the rectifier 
and smoothing circuits. For reasons of stability the feedback 
coil should be coupled to the secondary winding rather than 
to the primary, and, for good efficiency, the degree of feedback 
should be sufficient to develop enough negative bias across 
the grid capacitor-resistor circuit to make the valve operate 
under class C conditions (i.e. with a bias considerably greater 
than that at which anode current ceases, so that current flows 
only during positive peaks of the maintaining voltage—this 
technique is sometimes called "‘flick-impulsing”). The opti¬ 
mum oscillation frequency is in the region of the natural 
resonance of the secondary coil and the sum of the various 
capacitors in ])arallel with it; this frequency is usually in the 
range 50-150 kc/s. Maximum voltage output occurs with the 
primary tuned to this frequency and with critical coupling 
(see Chapter VI) between primary and secondary windings. 
Greater stability with load variation is achieved by considerable 
overcoupling and with the primary circuit tuned to the lower 
peak of the resultant double-humped curve. A feature of this 
arrangement is the possibility of varying the output by changing 
the primary circuit tuning; when this facility is desired the 
anode circuit should be parallel fed through an R.F. choke-capa¬ 
citor filter to allow the variable capacitor moving plates to be 
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earthed. The diode rectifier may have its cathode heated by 
R.F. drawn from a separate winding on the H.V. transformer 
and special diodes have been manufactured to allow this 
convenience to be used efficiently. The complete power supply 
must be thoroughly screemed and when voltages in excess of 
lOkV are gene^rated appropriate design of the lay-out and 
shape of the circuit and components is necessary to avoid 
spark-over and corona effects. The low inherent regulation 



Frn. 8.10 b. a Tyimcal K.K. Oscillator-drtvkn E.H.T. Surply 
{Courtesy of the "It.C.A. Review'') 


and limited power availaiiility of this type of supply is an 
advantage from the safety point of view. A simple practical 
circuit is given in Fig. 3.10 b.^i^» ^u) 

Pulse Method. It is more likely that the pulse-operated 
type of E.H.T. generator will find favour with television 
receiver designers because it makes use of oscillations generated 
spuriously in the line time base and needs no separate R.F. 
oscillator. It is, in fact, already used in a number of commercial 
designs. A feature of this arrangement is that line scan failure 
automatically removes the C.R.T. accelerating potential and 
thereby protects the tube screen. Two important disadvantages 
must be noted; one is the interdependence of output voltage 
and line time-base controls (e.g. amplitude) and the other is 
that design of the output transformer is made considerably 
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more difficult. A typical circuit is shown in Fig. 3.10c. The 
time-base output valve is driven at its grid by a sawtooth 
wave of line frequency and the corresponding anode current 
variation is stepped up by the transformer and fed to the 



l/alve 


Fio. 3.10c. Method of irsiN(j Ft^yback-pclse Voltage Induced 
IN' Line Time-base Output to Pjioduce E.H.T. 

deflector inductors. Each time the anode current is suddenly 
reduced to cause the spot ‘‘flyback,” a large amplitude (several 
kilovolts) positive pulse occurs at the anode. The resultant 
pulse wave is fed to the rectifier directly from the anode circuit. 
As drawn the circuit provides a negative output; for positive 
output reverse the rectifier diode and transpose the anode 
and H.T.+ connections to the primary winding. This method 



Fro. 3.10d. The Gkeinacheb, or Full-wave, Voltage-doubling 
Rectifier Circuit 

of deriving E.H.T. does not appreciably load the deflection 
circuit; in fact, it makes use of a portion of the power 
dissipated at the end of each sweep, which would otherwise be 
wasted. 22 ) 

Voltage Multiplication. Voltage-multiplying rectifier 
circuits are equally applicable to each of the three basic types 
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of E.H.T. supply just described and are necessary when voltages 
above about 10 kV are required. Very roughly, one stage of 
multiplication per 10 kV is required—thus projection tubes 
operating in the region of 20-30 kV usually employ a voltage 
“tripler.” 

In the voltage-doubler arrangement, due to Greinacher, 
which is shown in Fig. 3.10 d, a common a.c. winding is used 



Fig. 3.10k. The Cascade, or JIalf-wavk, Voltage-doublino 
Rectifier Circuit 


to feed two half-wave (H.W.) rectifier circuits in parallel and 
the respective diodes ( V^, kg) connected in opposite polarity. 
On the half-cycles which make the top of the transformer posi¬ 
tive with respect to its lower end conducts, while Fg passes 
current on the alternate half-cycles. Consequently the two 
capacitors are charged alternately and in such directions that 
if the output terminals are taken across both, the output 



Fig. 3.1 Of. The Half-wave Cascade Multiplier 


voltage for moderate loads is double that obtainable from a 
single rectifier fed from a similar a.c. source. The half-wave 
version of this arrangement is shown in Fig. 3.10e ; it is often 
called the “cascade doubler.” During the half-cycles of the 
input a.c. voltage which make conduct, charges to 
(nearly) the peak value of the input. During the alternate 
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half-cycles, i.e. when Vj is non-condiictive, the voltage devel¬ 
oped across adds to the input and C 2 charges to nearly 
twice the peak input voltage. The method of extending this 
circuit to achieve further multiplication will be apparent from 
Fig. 3.1 Of. When the rectifier in})ut is in the form of a pulse 
wave, and is therefore substantially unidirectional, the type 
of multiplier shown in Fig. 3.1 Go is often employed; it differs 
from the preceding arrangement in having a large resistor, 



through which the associated capacitor charges, in place of 
each alternate diode. The arrangement shown is a tripler. 
Each positive input pulse charges through Fj and during 
the same periods Fj completes the circuit by which C 2 charges, 
via Fg, from C 3 . The latter has its charge maintained during 
the intervals between pulses by current flow from through 
jR^ on the positive side and the pulse source on the negative 
side; succeeding sections operate in a similar manner.^^^, 23, 24) 
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CHAPTER IV 


THE SCANNING CIRCUITS (TIME BASES) 

4.1. Basic Requirements and Block Schematics. It will be 
recalled that when current passes through one of the C.R.T. 
deflector systems a magnetic field is set up across the tube neck 
and the electron beam is deflected proportionally to the field 
strength. In order to deflect the screen spot at constant 
velocity this current must be made to increase at a constant 
rate, i.e. linearly, so that for a recurrent sweep and rapid 



Fig. 4.1a. Kkquiked Waveform of the Scanning Inductor Current 

retraces the current waveform will have to be of the form 
shown in Fig. 4.1a. While this ‘‘sawtooth’’ wave should have 
a linear rise, its decay need not be exactly linear and is usually 
exponential,* or the initial part of an exponentially damped 
oscillation. It has been shown (Chapter I) how, by the com¬ 
bined use of two deflection fields, the spot may be made to 
cover systematically a rectangular area on the tube screen. 
This area, which is called the “raster,” must appear centrally 
on the screen which means that, assuming the undeviated spot 
position is at the screen centre, no shift is required to centralize 
the sweeps provided the scanning current is purely alternating 
and the waveform exactly similar on the positive and negative 
half-cycles. (Note the position of the zero current level in 

* I.e. changing at a rate proportional to its instantaneous magnitude. 
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Fig. 4.1a.) Accordingly, the inductors must be a.c. coupled, i.e. 
by a two-winding transformer or a capacitor. In practice, 
owing to tube imperfections, stray permanent fields, or asym¬ 
metry of the scanning currents the raster may not be quite 
central but in any case the focusing magnet assembly has to 
be carefully aligned with the tube axis before being fixed, and 
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Fjg. 4.1b. Schematics of the Two Most Common Types 
OF Time Base 


it is convenient to obtain a central raster by slightly tilting 
the magnet in the appropriate direction when this alignment 
operation is performed. Sometimes, however, particularly in 
American receivers, a current controllable in strength and re¬ 
versible in direction is passed through the inductors for centring. 

The deflection currents required, one at line frequency and 
one at frame frequency, are produced in the scanning circuits, 
or ‘‘time bases,” which often employ circuits of the same form 
but with component values appropriate to the required fre¬ 
quency. In the most satisfactory design two stages are em¬ 
ployed in each time base. The first is arranged to produce a 
fairly linear voltage wave of sufficient amplitude to drive a 
power output type valve (usually a beam tetrode) having the 
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deflector inductor a.c. coupled to its anode circuit. The sawtooth 
generator is locked to the synchronizing pulses contained in 
the received signal to ensure that the scans produced are auto¬ 
matically correct in frequency and phase. The geuierator is 
usually brought into synchronism manually by a preset panel 
control called ‘'Vortical (or "Frame”) and Horizontal (or 



Fjg. 4.2a. The Basic Method of Geneiiatin(j a Kisino Voltacje 


“Line”) Hold.” The only other control required, and this 
is also a panel preset, is of amplitude. See Fig. 4.1b. 

Other forms of time base are feasible and are often used in 
commercial practice; thus the need for economy has led to 
the development of a satisfactory single-stage circuit in which 
the output valve is arranged, by using positive feedback, to 
provide its own drive, various methods being adopted to shape 
the resultant current to the form required. See Fig. 4.1b. 

4.2. The Basic Sawtooth Voltage Wave Generator. When a 
capacitor is connected in series with a resistor across a source 
of constant direct voltage (see Fig. 4.2a), the potential diff erence 
across its plates (assumed uncharged initially) rises as shown 
by curve II, It will be noted that the rate at which this voltage 
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rises (i.e. the ‘‘slope” of the curve) falls progressively and 
eventually becomes zero (i.e. the curve becomes a horizontal 
line). The wave formed by repetition of such a curve is said 
to be “exponential” (Gliapter II). The rate of increase of the 
capacitor voltage depends, of course, on the strength of the 
charging current and this falls as the ca})acitor p.d. builds up 
because the latter opposes the applied voltage. 



Fic;. 4.2 b. The Basic; Sawtooth Voltacje-wave (iENEUATcm 

If either C or B is made larger the charging curve becomes 
flatter, i.e. it is stretched toward the right along the time axis, 
(III), while a reduction of C or R enables C to charge more 
rapidly, (I). The response to the applied voltage thus depends 
not so much on (7 or J? separately but on their product {C X i?), 
which is called the time constant of the circuit. For example, 
if C is doubled and R halved, the charging curve remains 
unchanged. Again, if R is multiplied by four, and C divided 
by J, the overall result is the same. A useful approximate rule 
is that the time (in seconds) required for C to charge to f of 
its final voltage (applied voltage) can be obtained by multi¬ 
plying C in microfarads by R in megohms; e.g. a 2 Mil resistor 
and a 0*1 /^F capacitor will take 0*2 sec to charge to 80 V when 
connected across a 120 V battery. 

The importance of the simple circuit just discussed is that 
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it provides the basis for a linear sawtooth voltage wave gener¬ 
ator which is the heart of a time base. Nearly all practical 
generators are, in fact, developed from this basic arrangement. 
The latter is generally called an integrator and is very widely 
used in electronic circuits for smoothing, wave-shaping, pulse 
discrimination, etc. 

If a low-resistance switch is connected across the capacitor 
of the integrator, and closed, the capacitor p.d. will fall rapidly 
to a very small value but will build up again when the switch 
is reopened (see Fig. 4.2 b). By closing the switch when the 
p.d. has reached only 5 to 10 per cent of the applied voltage 
the p.d. can be restricted to the initial part of the curve which 
is practically linear. It is only necessary then to close the 
switch momentarily each time the p.d. reaches a selected point 
in this part of the curve and a fairly hnear recurrent sawtooth 
voltage will be obtained. In practice, of course, some electronic 
method of performing the switching action is required; the 
Thyratron valve described in the next section is ideally suited 
for this purpose—alternatively one of a variety of hard-valve 
trigger circuits may be used (§ 4.5). 

4.3, The Thyratron Valve: Action and Characteristics. In 
Britain the most popular sawtooth driver is the Thyratron; 
it leads to a simple and very satisfactory circuit and is readily 
controlled and synchronized. The Thyratron valve is most 
easily understood by comparison with the ordinary hard 
three-electrode valve. In structure there are no fundamental 
differences, the small type being essentially a triode operating 
in a low-pressure gas instead of in vacuo. In the normal hard 
triode the anode current increases progressively, as the grid 
voltage is raised above its cut-off value, until the entire space 
charge is drawn away from the cathode; the anode current is 
then said to have reached “saturation.’’ Between these limits 
(i.e. anode current cut-oflF and saturation) the portion of the 
cathode emission which remains in the grid-cathode region 
exerts a braking effect on the flow of anode current, which is 
said to be space-charge limited. In the Thyratron, however, 
as soon as the electrons formings the anode current acquire 
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appreciable velocity (and this occurs for a grid-cathode p.d. 
very little above what would, for a hard valve, be the cut-off 
value) the gas molecules in their path become ionized, i.e. 
electrons are detached by collision from the molecules, leaving 
the latter positively charged. The electrons so released move 
under the attractive influence of the anode, along with the 
primary electron stream, and assist the ionizing action of the 
latter. The positively charged ions, on the other hand, search 
for the most negative point, i.e. the grid, and rapidly collect 



Kic!. 4.3 a. CoMi’ARisoN OF Craiiactfrtstics ok Hard and 
Soft Triodes 

around it, thus neutralizing its negative potential and allowing 
heavy anode current to flow. A further point is that the 
positive ions in the grid cathode region tend to cancel the 
space charge and, therefore, to eliminate the retarding effect 
which occurs in the hard triode. The overall effect is that the 
ionization process, being cumulative, allows the anode current 
to shoot up to a maximum set only by the resistance of the 
external circuit and the driving voltage in the anode circuit 
(see Fig, 4.3a). What was a gradual grid-controlled transition 
from zero to maximum current becomes a sudden jump with 
the grid powerless to exert control. Once the thyratron has 
‘‘fired,’' or “struck,” in this manner, the discharge between 
anode and cathode can be stopped only by reducing the anode- 
cathode voltage to such a low value (+ 15 to + 40 V, depending 
largely on the kind of gas used) that it is unable to maintain 
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the discharge. It is necessary in practice to ensure that there 
is sufficient anode circuit resistance to keep the peak value of 
the current within a safe rating, e.g. 500 mA, specified by the 
manufacturers. In the same way the positive ions, in neutral¬ 
izing the grid bias, and rendering it powerless to control the dis¬ 
charge, draw considerable grid current which must be limited by 
keeping the grid-cathode circuit resistance above about 25 k(}. 



Critical Negative Grid Volts 

Fig. 4.3m. A Typical Thyratron Grid Control Cjiarai’teristic 
{Courtenj/ of Edison Swan Electric Co., IM.) 

The effect of the grid voltage is to determine the critical 
anode potential at which the discharge commences. Expressed 
alternatively, for a given anode potential the grid must be 
raised above a critical level to initiate the discharge. The ratio 
between any particular value of anode to cathode potential 
and the corresponding critical grid-cathode potential, ignoring 
the difference in signs, is called the ‘‘grid control ratio.” Thus, 
if the critical grid voltage is — 10 V for an anode voltage of 
200 V, the grid control ratio is -Vir = 20. This ratio remains 
practically constant over a wide range of operating conditions 
since it depends very largely on the gas used—ratios of 20 for 
mercury vapour and (nearly) 30 for argon are usual (see 
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Fig. 4.3b). The voltage drop across the Thyratron during the 
discharge is also a constant, again dependent chiefly on the 
kind and state of the gas, and is approximately the minimum 
voltage recpiired to maintain the discharge; in fact, the 
discharge current rises to the point where the external voltage 
drop, when subtracted from the total driving voltage in the 
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(ii) Practical 
Arrangement 


Fig. 4.4a. Thk Thykatron Time-J3Ask (Sawtooth Voltage Wave) 

Generator 


circuit (the H.T. voltage), leaves a residual voltage just suffi¬ 
cient to maintain the discharge. 

4.4. The Thyratron Sawtooth Generator. The basic Thyra¬ 
tron sawtooth voltage-wave generator is shown in Fig. 4.4a. 
An H.T. supply of say 300 V is connected across the series 
CR circuit and the Thyratron directly across C with its anode 
toward the positive end of the circuit. If the grid bias of the 
Thyratron is made — 3 V, and the Thyratron has a grid-control 
ratio of 20, it will strike when the anode reaches -F 60 V (all 
voltages relative to the cathode). Thus when the circuit is 
first ‘‘made,*’ the voltage across (7, starting at zero, rises in 
the manner shown in Fig. 4.2a. When the anode-to-cathode 
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p.d. reaches + 60 V the Thyratron strikes and discharges C 
very rapidly to the point where the anode-cathode p.d. just 
fails to maintain the discharge (say + ^0 V). The discharge 
then. ceases and G recharges in the usual manner towards 
+ 60 V again. This cycle of operations repeats automatically 
and an approximately linear voltage wave is produced across 
0, The amplitude of this wave depends on the Thyratron grid 
voltage and increases as the latter is made more negative. 
The time taken for C to charge from the minimum to maximum 
voltage levels (as set by the Thyratron) depends on— 

(i) The value of the applied voltage (£/), 

(ii) The values of G and R, 

(hi) The differences between the striking and extinction 
voltages of the Thyratron (i.e. on the w^ave amplitude). 

If E is increased, or either G or R reduced, or the amplitude 
reduced, the time occupied by one sawtooth decreases ; in other 
words, the number of cycles per second {the frequency) increases 
—ahd vice versa. 

A complete practical Thyratron circuit is shown at (ii) in 
Fig. 4.4a. 

The generator uses R^ and in the charging circuit. The 
grid bias for the Thyratron is developed across the cathode 
resistors Ro, R^ and variation due to the pulsating Thyratron 
current is eliminated by the smoothing capacitor Og (a large- 
capacitance electrolytic). Improved stability is provided by the 
d.c. bleed from the H.T. line to the cathode via R^, The 
synchronizing pulses are applied to the Thyratron grid circuit 
through the GR coupling G^, R ^; G^ is necessary to block the 
d.c. potential in the preceding valve circuit while R^ is necessary 
to complete the d.c. path between Thyratron grid and cathode 
while presenting sufficient impedance to the injected signal. 
The values of R^ are made small enough to cause ‘"peaking” 
of the approximately square synchronizing pulses; this peaking 
action, or differentiation, was described in Chapter II. The 
grid stopper R^ increases the total grid-cathode resistance to 
bring it into the optimum region for most stable operation 
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(30 kQ—30 kl2), and it acts as a noise filter together with the 
input capacitance of the valve, without seriously marring the 
shape of the synchronizing pulses. The small anode resistor 
keeps the peak discharge current flowing round the loop 
Thyratron, 6\, within the specified safe maximum. 

This same circuit is suitable for both time bases; the appro- 
T)riate component values will be given in typical circuits in 
Chapter VIIL 

4.5. Hard Valve Discharge Circuits. The basics method of 
adapting a hard valve to the capacitor discharge j)roblem set 


Feed 

Back 



Fid. 4.r)A. (U:neiial Form of 
THE Haro-VALVE Sawtooth 
Genpjrator 


Fid. 4.5 b. Particular Form of 
THE Hard-VALVE Sawtooth 
Generator whkhi is the Basis 
of several Practical Cirihuts 


by the sawtooth generator is shown in Fig. 4.5a. The valve is 
connected across the capacitor, but through a small impedance 
and is biased off to prevent anode current from flowing while 
the p.d. across C of the basic charging circuit rises to the level 
corresponding to the amplitude required. When the capacitor 
p.d. reaches this level the grid bias is insufficient to hold off‘ 
the anode current, and the latter in passing through z^, causes 
a voltage change which is passed back to the grid-cathode 
circuit, and applied (after appropriate shift) as a positive change 
to the grid, thus making the anode current increase further. 
Clearly, this process is cumulative and the anode current rises 
very rapidly, particularly if a large voltage change is fed back, 
after inversion, to the grid, and if the valve mutual conductance 
is high and Zj^ is low. If 2 :^, Zq are both resistive the voltage 
change occurring at the anode when current flow commences 
must be inverted before being applied to the grid so that the 
feedback circuit must include a phase inverter (see Fig. 4.5b). 
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Suitable inverters are a transformer, or a valve, the former 
leading to the blocking-oscillator circuit and the latter to the 
multivibrator, both of which are frequently used as sawtooth 
generators in television time bases. 

The blocking oscillator usually eni})loys a tetrode or pentode 
and the multivibrator a double-triode. When a pentode is 
available, however, it is possible to obtain a similar result with¬ 
out the use of an external inverter. Tor if the anode current is 
held off by biasing the suppressor grid negatively and the 
control-grid bias raised sufiiciently to allow screen current to 
flow, the incidence of anode current causes a decrease in screen 
current. The resultant positive change occurring at the screen 
may be used to pull up the suppressor grid and cause a cumu¬ 
lative anode current rise. This arrangement provides the 
“transitron"’ circuit. In all three arrangements the grid to 
which feedback is applied is driven sufficiently negative to 
draw considerable current which is used to charge the coupling 
capacitor (7^ so that when the discharge has ceased and the 
pulse feedback has disappeared, the charge left in the capacitor 
makes the grid very negative and holds off the anode current 
throughout the next charging period (i.e. throughout the next 
scan). All three circuits are therefore self-running oscillators 
of the relaxation type and may generate narrow but large 
amplitude pulses of current separated by comparatively long 
periods during which the current is cut off'.^^» 

4.6. The Blocking-oscillator. The blocking-oscillator type 
of sawtooth generator is shown in its simplest form in Fig. 4.6a, 
together with a table of the characteristic wave-shapes. Assume 
that the grid capacitor has been charged to a high voltage with 
the grid side negative and is discharging round the loop com¬ 
pleted by the transformer secondary and the grid resistor. 
The resultant voltage drop across the latter biases the valve 
off until the grid capacitor p.d. has fallen to such a level that 
this bias current, and the resultant p.d. it develops, across 22^, 
are no longer sufficient to “hold off” the valve. Anode current 
will then commence to flow and cause the anode potential to 
drop; this voltage change is inverted by appropriate connection 
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of the 3 transformer secondary and applied through C\ to the 
grid in such a direction (i.e. positively) that the anode current 
is thereby assisted to flow. The latter therefore jumps quickly 
to a maximum fixed by various factors, but chiefly by the fact 
that the capacitor is 
the source of the cur¬ 
rent and therefore the 
charge available to 
be set in motion is 
limited. Thus the 
capacitor discharges 
very quickly and as 
the discharge nears 
completion the anode 
current commences to 
decrease. The voltage 
applied to the grid 
therefore reverses and 
drives the valve 
rapidly back into cut¬ 
off. Since C\ is associ¬ 
ated with a large 
(effectively parallel) 
resistor the charge 
supplied to it, and 
which has built up a 
large p.d. across it, 
cannot disappear 
quickly. Thus the end 
of the pulse leaves the valve with a large negative bias due 
to which bias slowly disappears until eventually the 

action is repeated. This basic action may be accompanied 
during the pulse period by spurious oscillation at high fre¬ 
quency due to shock excitation of the resonant circuit(s) 
formed by the transformer inductances and associated stray 
capacitances. Practical circuit configurations differ chiefly 
in the arrangement of the grid OR network. The valve 




UiG. 4.()A. The Blocking-osc illatoji TvrE 
OF Sawtooth Generator and its 
Characteristic Waveforms 


5-(T.575) 
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comes out of cut-off more sharply if the H.T. supply is brought 
into the discharge loop by returning to the H.T. positive 
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R2C2 ■ De^cc^u^ltng 

R3C3 : Coupling C R 
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Sawioolh 
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Fig. 4.6b. Pbacttcal Blocking-oscillator Type Line 
Time-BASE Generator 


(Courtesy of The Oramophone Company^ Ltd.) 


rail rather than to earth; but a parallel CR in the cathode side 
of the grid circuit is commonly used. The synchronizing voltage 



Sawtooth 

Output 


Fig. 4.6c. Practical Blocking-oscillator Type Frame 
Time-BASE Generator 
(Courtesy of R.C.A., Ltd.) 


is injected in the earthy lead of the transformer secondary or 
capacitively coupled directly to the grid, and the grid resistor 
made adjustable to allow exact synchronization to be achieved. 
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Two typical practical circuits, one British, one American, are 
given in Figs. 4.6b and 4.6c* respectively. 

In both cases the impedance shown in the basic circuit 
forms of Figs. 4.r)A and 4.5b, which assumed a single triode-type 
discharge valve, is eliminated from the discharge circuit. In 
the first example the cathode-grid-screen portion of an R.F.- 
type beam tetrode is employed to “pulse” the anode current, 
leaving only the CR sawtooth-forming network in the anode 
circuit; in tlic other example two triodes in a common envelope 
are emj)loyed, one performing the discharge function, the other 
acting as the oscillating trigger. 

4.7, The Multivibrator. The multivibrator, so called because 
its output in containing practically vertical edges is rich in har¬ 
monics, is often preferred to the blocking oscillator; it needs no 
phase-reversing transformer and although an extra valve is re¬ 
quired the cathode-coupled arrangement provides a very con¬ 
venient circuit to which the small double triode is weU adapted. 

The original circuit of the multivibrator is showm in Fig. 4.7a. 
It is symmetrical in form and may be regarded as a form of 
push-pull circuit (self-driven), although certain features will be 
more readily understood if the circuit is considered as a two- 
stage Ci^-coupled amplifier providing its own input. If the 
time constants of the coupling are large and stray react¬ 

ances may be ignored, the overall gain of the circuit, with one 
feedback path broken, will be very large; moreover, the overall 
phase shift will be negligible at all except very low frequencies. 
Accordingly, with the feedback path connected, the whole 
circuit is extremely unstable. Thus, if grid 1 is made slightly 
more positive, anode 1 falls in potential and drives grid 2 more 
negative, thus causing anode 2 to rise and increase the initial 
change at grid 1. This action, being cumulative, rapidly draws 
heavy grid current from grid 1 and drives grid 2 considerably 
beyond its cut-off potential. While is discharging through 
and to allow valve 2 to return to the conductive state, 
valve 1 continues to pass heavy anode current. When grid 2 

♦ The 3*9 kfi resistor develops a negative pulse during each discharge 
period which is used to cut off the output valve during the flyback pulse at 
its anode. 
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eventually rises to cut-ofF level anode current begins to flow 
and the potential of anode 2 drops, causing grid 1 to fall, and 
anode 1 to rise. The latter change causes an acceleration in 
the rate of rise of grid 2 potential so that it runs quickly to 0, 
where it is limited by grid current flow. At the same time 
valve 1 cuts off and its grid is driven very negative. This action 
requires no hypothetical voltage change at either grid to 
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Fic. 4.7 a. The Ahode-coupeed Multivibratok: Basic 
C iRcniT AND Waveforms 


initiate it, the mere act of switching on causing oscillation to 
commence immediatel 3 ^ The waveshapes occurring for the 
case of similar valves and coupling networks are shown in 
the figure. The anode waves are good approximations to the 
square wave when the frequency of oscillation is low but as 
frequency is increased, by reduction of the values of the com¬ 
ponents in the coupling networks, the waveshape deteriorates 
owing to valve inter-electrode capacitances and falling loop 
gain. The frequency of oscillation is given very roughly by 
the reciprocal of the sum of the coupling time constants 
(1 12CR for the symmetrical case). If the two coupling networks 
differ then, in general, the two portions of the cycle of operations 
will differ correspondingly in duration. This fact allows the 
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circuit to be used for television (provided the grid resistors are 
very much larger than the anode resistors), for if the two 
coupling are given a ratio equal to that of the sweep to 

the flyback periods the resultant square-pulse wave only needs 
shaping to be made suitable for driving a scanning output valve. 
A good approximation to the desired shape may, in fact, be 
obtained simply by connecting a capacitor of suitable value 


+ H.T 
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Eig. 4.7n. Thk Cathode-coupled Multivibrator; a J^ractical 
Line Time-base Circuit (15*75 kc^/s) 


between anode and cathode of the valve fed by the coupling 
of shorter time constant. The cathode-coupled amplifier pair 
formed by cascading the cathode-follower and cathode-input 
amplifier are, in virtue of the similarity of input and output 
phases, suitable for generating a square-pulse waveform. The 
cathode-input amplifier anode is back coupled to the grid of 
its driver valve, giving the arrangement of Fig. 4.7b. The 
synchronizing voltage may be injected by breaking the other¬ 
wise grounded grid lead, while the long CR required to convert 
the pulse shape into a sawtooth wave may be connected into 
the anode circuit of the driver. By comparison with the 
original multivibrator one anode-to-grid coupling is replaced 
by the common cathode load. This arrangement, called the 
cathode-coupled multivibrator, is commonly used in American 
practice. The example in Fig. 4.7b has component values 
suitable for the U.S. line frequency (15-75 kc/s).^^» 
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4,8. The Transitron. Another basic form of sawtooth genera¬ 
tor suitable for television scanning circuits is the “transitron,” 
the liasic circuit of which is shown at Fig. 4.8a, together with 
a table of characteristic waveshapes. Its operation arises from 
the property possessed by the suppressor grid of controlling 
the partition of the valve space current between anode and 
screen. For a given control grid potential the space current 
does not depend to a great extent upon the anode and screen 



P’tg. 4.8a. Thk Basic Transition Circuit and its 
(^hara(;tkrt.stio Wavp:forms 


potentials. When the suppressor grid is made very negative 
(i.e. more than about — 50 V for ordinary pentodes, but “short 
suppressor base” valves were developed for radar work)* the 
whole of the space current is collected by the screen but as the 
suppressor bias is reduced anode current starts to flow and the 
screen current decreases causing the screen potential to rise. 
By capacitatively coupling the suppressor and screen this action 
can be made cumulative. The opposite changes of anode and 
screen potentials with change of suppressor potential are 
reminiscent of the opposite changes of the two anodes (of a 
multivibrator) when one of the grids is varied in potential. 
The action is thus basically similar to that of the multivibrator, 
♦ E.g. Mazda V.872 
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as is shown by the wave-shapes, and need not therefore be 
described. The otherwise square anode wave is converted to 
the required sawtooth in the same way; a capacitor is connected 
from anode to ground. The control grid, which takes no part 
in the oscillatory action, is used for synchronization.^^* 

4.9. Synchronization of the Sawtooth Generator. The saw¬ 
tooth generators in television time bases are required to function 
at only one particular frequency, that of the frame or line 
pulses contained in the received signal. Accordingly, the 
discharge circuit is set to provide the sawtooth amplitude 
needed to drive the output stage, and, for the available H.T. 
voltage, values of C and R are chosen to make the circuit 
generate very nearly the frequency required. It will be obvious, 
however, that the generator cannot be allowed to 'Tree-run,” 
even if its frequency can be set precisely to the required value, 
since its output must be phased up with the received signal. 
Moreover, this exact correspondence of frequency and phase 
between the signal and time bases must hold exactly throughout 
the whole transmission once synchronism has been established. 
It will be remembered that the received signal contains syn¬ 
chronizing pulses under the picture modulation. The latter is 
clipped off in the synchronizing separator and the residual 
pulse w^ave shaped up into sharp pulses and applied to a suitable 
control point in the sawtooth generator circuit—usually the 
grid. The synchronizing circuits will be examined in detail 
in the next chapter and for the present a common method of 
synchronizing the time base will be explained in terms of an 
idealized form of synchronizing signal, namely, a sequence of 
very narrow steep-sided positive going pulses. If these are of 
large amplitude compared with the grid bias they will obviously 
pull the generator into a rigid lock which will be unaffected 
by a quite large subsequent variation of the hold control. It 
is more satisfactory to use a comparatively small amplitude 
of s 3 mchronizing pulse (as will be explained in detail later). 
In this case the pulses may differ considerably initially in 
phase from that of the sawtooth generator, but if the fre¬ 
quency of the latter is only slightly different from that of the 
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synchronizing pulses their relative positions on a time axis 
change gradually until a synchronizing pulse occurs just before 
the discharge valve conducts. This pulse will therefore initiate 
the discharge and, provided the sawtooth generator is running 
at a frequency a little slower than that of the synchronizing 
pulses, the latter will initiate all subsequent discharges, i.e. 
they will thenceforth hold the generator in synchronism. The 


Variation of Striking 
Potential Corresponding 
to Sync Waveform 



Sync Pulses 


Normal Bias 


Ficj. 4.9 a. Methoi:) of PuLSR-TKiooKitiNo THE Sawpooth Generator 


The positive-Koing ffrid pulm; causes the critical anode potential to fall 
.sufficiently to initiate the discharge (flyback) when the anodi! voltage has 
risen to the required level. 


foregoing will be understood quite easily if taken with reference 
to Fig. 4.9a. 

4.10. The Output Stage. The setting up of a linear sawtooth 
current wave in a deflector inductor is complicated by its 
inherent inductance; during the forward stroke of the line time 
base the inductance present affects the manner in which the 
current wave builds up, while the great rate at which the current 
must be reduced to complete the flyback causes the generation 
of a considerable back e.m.f. 

A practical deflector inductor has enough resistance to warrant 
regarding it as a combination of inductance and resistance in 
series. In the line case the high operating frequency makes the 
inductive component much more important than the resistance ; 
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the frame inductor is largely resistive. The criterion on which 
inductor performance depends is therefore wLjR rather than 
LjR. In any case it will be understood from CUiapter II that 
when a current rises linearly in a series LR circuit the total 
back voltage developed will be the sum of the constant voltage 
across L and the linearly rising p.d. on R ; the result is shown 
at Fig. 4.10a. Expressed alternatively, a pure inductance 
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Ej(;. 4.10a. The Back E.M.F. developed across a Resjstive 
Deflectoh Indfctor passin(3 an Ideal Sawtooth ("ituient Wave 


recpiires an applied voltage of step form to set up a linearly 
lising current in it, whereas in the case of resistance alone the 
applied voltage will need to be similar in form to that of the 
required current, so that when both resistance and inductance 
are present the step change of input must be followed by a 
linear rise. This result suggests two possible methods of 
operating inductors. The required voltage may be generated 
in a very low-impedance output circuit and applied across the 
inductor, or the required current set up in a circuit of very high 
output impedance and fed to the inductor. The first method 
has been used in radar but the need for a cathode-follower-type 
driver precludes its use in television circuits, at least in the 
hne case, because of the high pulse voltage developed on the 
flyback, which pulse is more conveniently taken by the anode. 
In line and frame circuits of the driven type the inductor is 
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fed from the anode of a high-impedance (usually a beam power 
tetrode) valve whose anode current is varied by a sawtooth 
voltage wave applied between grid and cathode. Another 
possibility will be considered in § 4.12.<20) 

The second difficulty raised by the inductance, namely 
flyback voltage, has already been discussed in connection with 
scanning inductor design; it will be remembered that while it 
is possible to use a large number of turns and correspondingly 
small current for frame deflection the line deflector must have 



Deflector 

Inductor 



RC Coupled Hi^h Impedance Transformer Coupled Low 
Inductor Circuit Impedance Inductor Circuit 

Fig. 4.1()b. Basic Deflector Inductor Coupling Circuits 


comjiaratively few turns and be fed with a large current, thus 
necessitating a step-down transformer of 5 to 10-1 turns ratio. 
Transformer drive is often employed in the frame circuit, 
however, since although the extra component required is more 
expensive than a coupling capacitor, scanning inductor design 
is considerably facilitated—thus similar inductors may be used 
for deflection in both directions. When an output transformer 
is not employed in the frame circuit the necessity of a.c. 
coupling, to allow centring of the raster, requires a parallel 
LC or BC feed. The latter is commonly used and the low 
fundamental frequency requires a coupling capacitor (usually 
electroljdic) of at least 8 luF (see Fig. 4.10b). 

There are three satisfactory methods of controlling the 
amplitude of the current fed to the coils and, therefore, of the 
resultant scan size. They operate on the output valve since 
it is undesirable to risk upsetting of synchronization or linearity 



123 


THE SCANNING CIRCUITS (TIME BASES) 

by controlKng the output of the sawtooth generator feeding it. 
The best method is a variable cathode resistor arranged to 
provide a controllable degree of negative feedback to the grid, 
and thus of its effective input. Alternatively the mutual 




Fig. 4.10c. Tujiee Methods of Time-base Amplitude Control 


conductance of the output valve may be varied by feeding 
the screen from a variable voltage divider across the H.T. 
supply. Anode circuit controls would considerably influence 
scan linearity and duration of flyback, but it is possible to 
arrange a variable negative feedback path between output 
and input circuits with¬ 
out excessive effects 
upon other factors than 
the amplitude (see Fig. 

4.10c). 

It might be expected 
that the waveshape 
occurring at the output 
valve anode in an actual 
circuit would be of the 
form shown at Fig. 4.10a, 
but inverted—for the 
anode swings positive on the flyback in an effort to maintain the 
anode current. In the frame case the resemblance is close, as 
shown at Fig. 4.10d, since the downward slope due to R is pro¬ 
nounced. The flyback pulse is rounded (half-sinusoidal), however, 
due principally to the presence of parallel stray capacitance in 



Fig. 4.1()d. Anode Voltage Waveform 
OF Frame Time-base OiriTUT Valve 

In the line time-base waveform the pulse 
amplitude is considerably greater. 
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the circuit. The coupling caj)acitor, deflector inductor and 
anode resistor form a series resonant circuit, and if the valves 
of these components are incorrectly chosen serious waveform 
distortion may occur, particularly if the ca])acitor is too small. 
In the line case, where a feixl resistor is not used, there is 
insufficient resistance in circuit to damp out flyback oscilla¬ 
tion and damping must be added; this is usually done 
by adding resistance in })arallel with the ])rimary and/or the 
secondary of the coupling transformer. The resistances required 
are of the order 25 kU-lOO kil and 1 kr2~2 kll res])ectively. 
Too small a resistor gives excessive damping and no ring occurs, 
but the flyback voltage has the form of a reduced-amplitude 
unidirectional pulse and will usually be of excessive length ; 
moreover, the proportion of energy absorbed on the forwai'd 
sweep seriously reduces the scan length. As damping is reduced 
the flyback pulse increases in amplitude and decreases in 
width and with further reduction a pronounced ring is set up. 
This appears in the raster not only as variation in linearity 
but also in brightness variation, due to velocity modulation 
(i.e. the apparent trace brightness varies with spot velocity 
although the actual beam current remains constant); in 
extreme cases the latter effect appears as alternately bright 
and dark vertical striations on the extreme left-hand side of the 
picture. Careful observation of the flyback pulse on a suitable 
cathode-ray oscilloscope will usually reveal high-frequency rings 
on the edges of the flyback pulse—these are due to shock ex¬ 
citation of stray resonant circuits formed in the transformer and 
appear as kinks in the edges of the pulse. The effect of damping 
resistance on scan linearity will be discussed in the next section. 

A serious defect of the output stage of the scanning circuit 
is the low efficiency resulting from the fact that the reactive 
energy built up around the deflector inductor must be removed 
from it at the end of each scan. This energy is dissipated 
during the flyback in a damping resistor. The amount of 
energy required to deflect the actual beam is, of course, negli¬ 
gible. Accordingly methods have been devised to transfer the 
energy into a storage device at the end of each scan and make 
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use of the energy so saved to produce subsecpient scans. One 
method of partially achieving this result is to connect a 
capacitor in seric\s with the damping resistor across the deflector 
inductor. The result of connecting a series capacitor-resistor net 
across a winding associated with a magnetic field produced 
by passing current through it is similar to that of connecting 
a series inductor resistor network in ])arallel with a capacitor 
charged by connection across a source of e.m.f. In both cases, 
removal of the source of current or voltage is followed by 
decay of the energy associated ^/~ij 

with the circuit and if the 
damping is small the decay 
will take ])lace in damped 
oscillatory fashion due to suc¬ 
cessive overswings of inductor 
current or capacitor voltage. 

In the case of the deflector 
inductor the additional capaci¬ 
tance, with a suitable value 
of resistance, can be allowed 
to cause sufficient overswing 
to produce up to about 15 per cent increase in scan length 
before serious non-linearity occurs. Ultimately, this technique 
would lead to an approximately sinusoidal scan. The capaci¬ 
tance is chosen to make the deflector inductor circuit resonate 
approximately to scan frequency. This technique is called 
“reactance scanning. 

A very satisfactory method of absorbing the energy while 
achieving a short flyback involves the use of a high-voltage 
low-impedance diode, loaded by a long time constant CB, 
connected across the current transformer primary as shown in 
Pig. 4.10e. During the initial half-cycle of the flyback ring 
the diode is wrongly connected in direction to allow it to 
conduct, but on the*next half-cycle it passes the flyback energy 
into the capacitor, which then discharges slowly through the 
parallel resistor and “holds off” the diode or limits its 
current during the subsequent scan. The diode circuit may, 
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alternatively, be connected across the transformer secondary 
winding. 

It -will be understood from the explanation of the pulse 
method of H.T. generation given in Chapter IIT that the diode 
arrangement just discussed may be adapted to the generation 
of E.H.T. for the picture tube, as there described, or for boosting 
the H.T. of the low-voltage power supply feeding the output 
stage. The latter development is shown at Fig. 4.10f ; it will 



Fk;. 4.10f. Basic Il.T. “Boost” 
Ciiici;iT 


Fi(}. 4.10g. Application op 
Electkical Centring to the 
Circuit of Fig. 4.1 Of 


be seen that the H.T. side of the current transformer primary 
is connected to the positive side of C (which charges on the 
flyback through the diode) and the other side of C is taken to 
H.T. positive. By this method, which represents another way 
of making use of the flyback energy, the effective H.T. voltage 
has been raised as much as 20 per cent. 

Occasionally provision is made for electrical centring of the 
picture; a method for providing this facility is shown in 
Fig. 4.10g. The H.T. positive feed is introduced via the trans¬ 
former secondary and a ganged two-section variable resistor 
develops a voltage from the feed current, which voltage can 
act in series with the deflector inductor and transformer 
secondary, in either direction and in amount depending on the 
setting of the sliders. 

In view of its importance in regard to the energy efficiency 
and current linearity of the output stage the current trans¬ 
former is worthy of consideration. Its design is made difficult 
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by the shape of the current wave handled and by the existence 
of the high flyback-pulse voltage; its windings must therefore 
be lightly coupled to minimize leakage reactances and its 
associated capacitances made as small as possible. 

The two windings are usually wound on sectional concentric 
bobbins, while the core is made up of T and U laminations. 
Although silicon iron (e.g. “Stalloy”) is often employed in 
both line and frame transformers the comj)aratively high 
frequency at which the former operates justifies the use of 
very thin nickel-iron (e.g. “Radiometal” or “Rhometal”) 
laminations. A gap of the order of 0*002 in. is necessary to 
offset the high mean polarization due to the d.c. component 
of the anode current. The high flyback-voltage pulse generated 
in the line transformer requires adequate insulation of the 
anode lead; this is often of high-voltage cable and taken out 
of the can housing the transformer at the opposite end from 
the H.T. and secondary leads. Satisfactory internal insulation 
is achieved by baking and filling the can with a suitable insu¬ 
lating oil or jelly before sealing off'. When the transformer is 
driven the laminations vibrate at line frequency and the 
resultant whistle is quite normal, although by careful electrical 
and mechanical design it may be reduced to small propor- 

tions.<io,i^i2,i3) 

4.11. Linearization of the Driven Time Base. So far the 

problem of achieving sufficiently good scan linearity has been 
left aside. The desired result, namely, perfect linearity of 
output current, does not necessarily require perfect linearity 
throughout the circuit, since opposite kinds of non-linearity 
may occur. The practical problem is to reduce the various 
causes of non-linearity to the same order of magnitude and 
then to balance them against each other so that together they 
cancel. In this process it is unwise to rely chiefly on the 
balancing of circuit distortion against distortion of the opposite 
kind arising from valve characteristic curvature. It is good 
practice to reduce the latter by suitable choice of the valve 
type and of its operating conditions and by appropriate appli¬ 
cation of negative feedback since it varies from valve to valve 
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Fi(i. 4.11 a. Paktial CouKKrTiON 

OF SaWTOO'J’11 InPI T COKVATl he 
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'I'ERrSTlC OF THE 0T'T1’L!T VaLVE 


of nominally the same type and changes as the valve ages. 
The important practical point is that the output stage inevit¬ 
ably introduces distortion in that the waveshapes of input 

voltage and output current 
differ. Moreover, it is much 
easier to modify the shape of the 
grid driving voltage than the 
current in the output circuit. 
Accordingly, it is the usual 
practice to limit the output 
stage non-linearity and to cor¬ 
rect finally by modification of 
the grid voltage waveshape. Per¬ 
fect linearity is never achieved, 
but with care the amount of 
non-linearity can be brought 
well below what is normally dis¬ 
cernible to the average viewer. 

Integrator (Correcting Networks.* The voltage wave 
produced by the sawtooth generator circuits described in 
earlier sections is markedly exponential, with downward 
curvature, and further deterioration of the same kind may 
be caused by the coupling 
to the output stage and 
between the latter and the 
deflector inductor. On the 
other hand, there is the 
opposite distortion due to 
the upward curvature of 
the grid volts-anode cur¬ 
rent characteristic of the 
output valve (see Fig. 

4.11a). Usually the latter 
is insufficient to restore 
linearity and a correction network is placed between the two 
stages. The principle of such networks will be explained with 

* See Appendix I (§ A 1.5), 



Fig. 4.11b. Compakison of Exponen¬ 
tial CuJiVE (A) WITH Ideal Linear 
Rise (C) 
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references to Fig. 4.11b. Curve A represents the shape of the 
output voltage obtained from generators based on the CR 
integrator. The difference (B) between this curve and the ideal 
linear rise C, obtained by continuing the initial slope of the 
actual output, measures the extent of its non-linearity. 

A correcting wave similar to this difference curve may be 
generated by feeding the sawtooth output of the generator 
into an additional CR network similar to that in which the 
exponential wave is generated. The formation of the correcting 
wave will be readily understood if the input to the additional 



Fj(i. 4.11c. Usi!: of .Addition^al (Jit (i.k. oevp^lop 

CoriRFCTiN(; Wave of Form B in Ftc. 4.11b 


section is regarded as being exactly linear; for since the extra 
CR is of long time constant the large resistance will swamp 
the negligible reactance of the large capacitor and the input 
impedance will be practically purely resistive, so that the 
input current will rise linearly with the input. When a constant 
current flows into a capacitor the p.d. developed across the 
latter rises linearly (Fig. 2.4e) ; it follows that with a linearly 
rising charging current the p.d. builds up at an ever-increasing 
rate, i.e. with upward curvature (actually the law of the curve 
is parabolic, i.e. eoct^). If the input voltage has only a slight 
downward curvature instead of being truly linear the result 
is substantially the same (see Fig. 4.11c). Thus it would seem 
feasible to associate an additional CR with the original CR 
and so combine the latter’s output, and the correcting wave 
derived from it, that an almost linear total output results. 

Two circuits built up on this basis have been patented by 
G. F. Hawkins* and used subsequently in Murphy receivers. 

* British Patent No. 511600. 
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In the first, the charging capacitor of the exponential wave 
generator is divided into two series portions and an extra CR 
integrating circuit is connected across the upper part. It will 
be clear from (i) of Fig. 4.1 Id that the total output will consist 
of the sum of that developed across the additional integrator 
and the proportion of the exponential wave left across the 

lower part of the split charging 
capacitor. Thus if the latter 
is correctly divided the output 
is practically linear; the resi¬ 
dual non-linearity is due (a) to 
the loading of the original cir¬ 
cuit by the added section and 
(6) the imperfect integration of 
the latter, both causes decreas¬ 
ing with increase of the time 
constant of the additional 
network. In the alternative 
arrangement (ii) the correcting 
circuit is connected directly 
across the charging capacitor of 
the basic network and the re¬ 
quired proportion of the ex¬ 
ponential output of the latter 
is tapped off the added resistor. 
A third arrangement (iii), which 
functions in the same manner as the second, has been used 
successfully by the writer; it is related to the two Hawkins 
circuits by well-known circuit transformations. 

Use of Linearizing Valves. While the correcting circuits 
just described are normally adequate in modifying the sawtooth 
generator linearity, and the overall non-linearity of the time 
base is thus reduced to very small proportions, more linear 
generators employing a linearizing valve have recently been 
introduced into commercial practice but are unlikely to become 
popular because of the extra expense incurred by the need for 
an additional valve unless the discharge valve and linearizing 
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valve are combined, in which case circuit design is seriously 
restricted. 

One method employs the Miller-Blurnlein integrator, in 
which extreme application of degenerative feedback to a valve 
passing the capacitor charging current keeps the latter remark¬ 
ably constant. The basic arrangement is shown in Fig. 4. He. 
When the H.T. voltage is applied to the circuit, anode current 
commences to flow and the anode potential falls. The anode 
is capacitatively coupled to the control grid so that the negative 
change of anode potential is fed back to the grid-cathode 
circuit. The grid potential cannot fall by more than a few 
volts, however, otherwise anode current would cease—it must 
therefore remain within the grid base. Accordingly, the total 
p.d. across the grid resistor, which is returned to the H.T. 
positive line, remains within a few volts of the applied H.T. 
voltage and drives a corresponding current through the resistor 
into the lower side of the capacitor. Since the equilibrium 
conditions involve the potential of the grid and therefore of 
the lower side of ( 7 , remaining practically constant, this charging 
current will cause a corresponding fall of anode potential. 
Since the anode and grid potential charges tend to be self¬ 
cancelling, owing to almost entire feedback of anode voltage 
to grid, the grid resistor current and valve anode current remain 
extremely constant and cause the almost perfectly linear 
‘‘run-down” shown at (i) in Fig. 4. He. A disadvantage of this 
circuit is the abrupt initial drop of several volts in the anode 
potential required to produce the equilibrium grid voltage. 
The linear fall eventually flattens out (“bottoms”) and to 
make the circuit a recurrent linear wave source the run down 
must be automatically terminated before bottoming occurs. 
This may be achieved by incorporating the transitron trigger 
principle described in an earlier section; the resultant circuit 
being as shown at (ii) in Fig. 4.1 1e. If the output is taken 
from the anode to drive a normal output stage a phase inverter 
must be included, but since a relatively small input (about 
20 V (pp)) is needed by the output stage it may be derived in 
correct polarity from a resistive cathode load. 
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An alternative method of using heavy feedback to linearize 
the capacitor charge adopts the bootstrap method of arranging 
the valve. The basic circuit is shown at Fig. 4.1 If. The 
charging capacitor p.d. is applied to a valve having a large 


+H1 



(ii) Practical arrangement fora Frame Base 
Generator of a Transitron-Miller combination 

( Courtesy "Wireless World ') 

Fig. 4. He. The Millek-Beumlein Integrator 

cathode load (of the order 50 kQ) and the output voltage 
appearing at the cathode is fed back through a large d.c. 
blocking capacitor to the junction of the split charging resistor. 
This is a case of positive feedback but does not lead to instability 
because of the low overall loop gain. The result of this arrange¬ 
ment is to cause the potential at the charging resistor junctions 
to rise during the charging periods; if the rise is sufficient the 
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normal tendency of the rate of charge of C\ to drop is counter¬ 
acted. Since 6\> develops a large j).d. which is maintained very 
nearly constant by the positive feedback, both grid and cathode 
of the valve rise together and at a constant rate, and the input 
to the valve is effectively the p.d. developed across since 
it controls that built up on 6\. The upper portion of the split 
charging resistor is often replaced by a diode connected with 
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its anode toward the H.T. line so that anode current is cut off 
by the rising potential fed back from the valve cathode and 
flows onl}^ during the flyback period. By comparison with the 
Miller-Blumlein integrator the bootstrap sawtooth voltage 
generator is slightly less linear but is more readily adapted to 
the time-base ap])lication, in which case the linearizing valve 
cathode is a suitable output point. 

Linearization by Negative Feedback over Output 
Stage. Methods of improving the linearity (by reducing 
distortion) of the output stage nearly all involve negative 
feedback. Since the output valve is controlled at its grid by 
a voltage wave in generating the sawtooth current, it is neces¬ 
sary to derive a voltage for feedback purposes which is propor¬ 
tional to the output current. Any difference between this 
voltage and that supplied by the sawtooth generator may be 
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regarded as a spurious signal arising in the output stage and 
if negative feedback is provided this signal tends to self¬ 
cancelling. The obvious method of deriving the required 
voltage is to insert a resistor (which may be made variable, 
for amplitude control) in series with the deflector inductor. 
While this arrangement has often been used, the power loss 
involved cannot usually be tolerated, particularly when all 
available scanning power is required to allow the highest 

H.T.+ 



Fig. 4. 11g. Blttmlein’s Method of Ltneathzatton 


possible tube accelerating voltage to be used. A more efficient 
method of obtaining the feedback voltage, due to A. D. 
Blumlein,* employs a series CR across the scanning inductor 
and takes the feedback voltage from the capacitor. It can be 
shown that when the time constant of the additional circuit 
branch equals that of the inductor (effectively a series LR 
branch) the wave-shapes of current in the inductor and p.d. 
across the capacitor are similar—^the voltage across an inductor 
is proportional to the rate of change of the current passing 
through it and must be integrated to be made similar in shape 
to the current wave. A practical application of this principle 
is shown in Fig. 4.11g; it will be noted that the voltage 
developed across the integrator capacitor is fed back into the 
grid-cathode circuit of the output valve by connecting it in 

* British Patent No. 479113. 
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series with the charging capacitor of the sawtooth voltage 
generator. 

A somewhat similar arrangement, used in Murphy receivers, 
is shown in Pig. 4.11h. The H.T. supply to the output stage 
is tapped into the primary of the output transformer and the 
potential available at the free end of the primary consists of 
a series of negative-going spikes separated by nearly linear 
changes having a positive slope. Thus by feeding the sawtooth 
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Fig. 4.11h. Muephy Method of Lineaeization 

generator charging circuit from this point instead of from the 
steady voltage of the H.T. positive line the downward curvature 
of the sawtooth generator output wave is counteracted. The 
tapping is adjusted for optimum linearity. 

When these methods of linearization, which compare (directly 
or indirectly) deflector current with the grid driving voltage, 
are employed, it is necessary not only to employ a very linear 
sawtooth generator but to minimize distortion inherent in the 
output stage. Thus it is usual to employ current feedback in 
the cathode circuit of the output valve by using an unbypassed 
bias resistor (see Fig. 4.11h). Negative feedback can also be 
of assistance in damping the flyback ring occurring in the 
anode circuit, since if this ring appears with phase-inversion 
at the grid it tends to cancel the anode oscillation. 

Effect of Output Circuit Damping. A certain amount of 
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regarded as a spurious signal arising in the output stage and 
if negative feedback is provided this signal tends to self- 
cancelling. The obvious method of deriving the required 
voltage is to insert a resistor (which may be made variable, 
for amplitude control) in series with the deflector inductor. 
While this arrangement has often been used, the power loss 
involved cannot usually be tolerated, particularly when all 
available scanning power is required to allow the highest 
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possible tube accelerating voltage to be used. A more efficient 
method of obtaining the feedback voltage, due to A. D. 
Blumlein,* employs a series CR across the scanning inductor 
and takes the feedback voltage from the capacitor. It can be 
shown that when the time constant of the additional circuit 
branch equals that of the inductor (effectively a series LR 
branch) the wave-shapes of current in the inductor and p.d. 
across the capacitor are similar—the voltage across an inductor 
is proportional to the rate of change of the current passing 
through it and must be integrated to be made similar in shape 
to the current wave. A practical application of this principle 
is shown in Fig. 4.11g; it will be noted that the voltage 
developed across the integrator capacitor is fed back into the 
grid-cathode circuit of the output valve by connecting it in 


* British Patent No. 479113. 
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series with the charging capacitor of the sawtooth voltage 
generator. 

A somewhat similar arrangement, used in Murphy receivers, 
is shown in Fig. 4.11h. The H.T. supply to the output stage 
is tapped into the primary of the output transformer and the 
potential available at the free end of the primary consists of 
a series of negative-going spikes separated by nearly linear 
changes having a positive slope. Thus by feeding the sawtooth 
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generator charging circuit from this point instead of from the 
steady voltage of the H.T, positive line the downward curvature 
of the sawtooth generator output wave is counteracted. The 
tapping is adjusted for optimum linearity. 

When these methods of linearization, which compare (directly 
or indirectly) deflector current with the grid driving voltage, 
are employed, it is necessary not only to employ a very hnear 
sawtooth generator but to minimize distortion inherent in the 
output stage. Thus it is usual to employ current feedback in 
the cathode circuit of the output valve by using an unbypassed 
bias resistor (see Fig. 4.11h). Negative feedback can also be 
of assistance in damping the flyback ring occurring in the 
anode circuit, since if this ring appears with phase-inversion 
at the grid it tends to cancel the anode oscillation. 

Effect of Output Circuit Damping. A certain amount of 
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distortion arises in the output circuit of the out})ut stage. 
Ideally the valve would su])ply a ])erfectly linear rising current 
to a purely inductive load. When the latter is paralleled by 
resistance, however, as is effectively the case in practice, the 
resistance bypasses a proportion of the current which rises 
exponentially to a limiting value and causes the current in the 
inductive load to rise with an initial upward curvature, as 
was shoivn in Fig. 2.3 f. Again, if the current supplied to the 
scanning inductor has normal (downward) exj)()nential curva¬ 
ture, as is usual, connection of a resistor across the inductor 
changes its current shape. If R is high its effect is negligible, 
but as it is reduced the waveform of inductor changes in a 
similar manner to the output of a CR integrating circuit fed with 
an exponential voltage wave, as was shown in Fig. 4.11c. The 
practical result of these two simple examples is that a parallel 
damping resistor may appreciably affect the linearity of the 
scan, and in a favourable manner. 

4.12, Sawtooth Current Oscillators. The demand for low- 
price receiv^ers has led to the development of single-valve 
directly-synchronized power oscillators capable of generating 
a fair approximation to the ideal sawtooth current wave but 
the increased difficulty of design, more critical performance 
and small saving in cost has not led to extensive use of this 
class of time base. I'he saw tooth current generator differs from 
the conventional sinusoidal oscillator in having as little capacity 
as possible (i.e. strays only) across the inductors needed to 
couple the anode and grid circuits of the valve; moreover, the 
coupling between the inductors is very tight and a step-up from 
anode to grid may be employed. By comparison with the 
blocking oscillator it has no long-time-constant CR system 
in the grid/cathode circuit, although a low- or medium-time- 
constant CR system (insufficient to cause grid-blocking) may 
be incorporated for frequency control. The basic circuit is 
shown in Fig. 4.12a, together with a table of characteristic 
waveforms. Originally a power triode operating with little 
or no grid bias was employed; more recently beam tetrodes 
with anode to screen coupling, leaving the control grid free for 
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synchronization, have been adapted to this type of circuit 
(see Fig. 4.12b). 

When H.T. voltage is applied to the circuit terminals current 
flows through the valve and anode inductor and builds up in like 
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E’ig. 4.12a. Triode Sawtooth Current Oscillator 


manner to the p.d. of the capacitor in the basic sawtooth voltage 
generator described in an earlier section. It was explained in 
Chapter II that the application of a step voltage to a pure 
inductance causes a perfectly 
linear current rise in the latter. 

In the present application it is 
therefore desirable to make the 
ratio of anode inductance to 
the total (valve plus inductor 
plus power supply) circuit re¬ 
sistance as high as possible. 

The valve resistance is the 
major resistive component and 
its effective value is reduced by 
the feedback circuit not only 
by the fact that the rising anode current induces a positive volt¬ 
age at the grid, but also by the reduction in a.c. resistance caused 
by the positive feedback. Both factors arise as secondary 
results of the need for back coupling to make the circuit 
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self-running. When the rate of increase of anode current 
commences to fall, the positive induced grid voltage drops; 
the process is therefore cumulative and the induced grid voltage 
rapidly reverses and cuts off, or considerably reduces, the 
anode current. When the anode current reaches its lower 
limit the reversing action occurs again and the cycle repeats. 

A disadvantage of this circuit is the large ne^gative pulse 
induced at the grid by the rapid collapse of anode current. 
Accordingly it is desirable to feed the synchronizing voltage 
to the grid through a diode gate having its anode towards the 
cathode so that the negative grid pulse makes it non-conductive. 
An interesting feature of the circuit, at least in the frame case, 
is the possibility of using the deflector inductor as the anode 
inductance, but some method of cancelling the field due to the 
mean (i.e. the d.c. component) anode current is necessary. One 
way of achieving this cancellation is to smooth off the anode 
current and pass it through an auxiliary anode inductor so 
wound in relation to the deflector inductor that the mean 
component of the field produced by the latter is cancelled. In 
the case of the line circuit the deflector must be fed from a 
tertiary winding on the feedback transformer or auto-trans¬ 
former coupled to the grid inductor. 

The problem of damping the flyback applies equally to the 
current oscillator as to the driven output stage and a diode has 
been employed for this purpose in the manner discussed. The 
principle of “reactance scanning” and methods of efficiency 
improvement can also be adapted to the oscillator. Recently 
methods of using a triode both as a flyback damjier and as a 
linearizing element have been developed. While these refine¬ 
ments considerably improve the performance of the simple 
oscillator and make it more comparable to that of the driven 
circuit the advantage of reduced cost is not thereby entirely 
lost, since these refinements are desirable even in the driven 
circuit. The serious disadvantage of the self-running circuit 
is the interdependence of its controls; in particular the ampli¬ 
tude control will tend to pull frequency and unless great care 
is taken in the design and operation of the circuit sjmehronism 
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will be lost when the scan amplitude is changed, particularly 
when the signal strength is low.^^*^* 
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CHAPTER V 


THE SYNCHRONIZING CIRCUITS 

Television receivers differ widely in the arrangements adopted 
for achieving exact synchronism of the time-base generators. 
In particular a wide variety of methods is available for synchro¬ 
nizing the frame time base with satisfactory interlacing. 

5.1. Synthesis of the Synchronizing Signal. In view of the 
need for exact synchronism between the scanning circuits at 
the transmitting and receiving ends of the television system, 
and of the common use of relaxation-type wave generators in 
the scanning circuits, it is natural that a sequence of vertical 
step voltage impulses should have been chosen for synchronizing 
purposes. A voltage step having a vertical edge occurs at a 
definite instant, and if a series of such impulses are used to 
initiate a time-base sweep the latter will commence definitely 
each time a step occurs and an exactly synchronous trace will 
be formed on the picture tube. If this series of voltage steps 
is to be restricted to a definite voltage range in order to leave 
a voltage range free for separate representation of the picture 
signal, it is necessary for each synchronizing edge to be followed 
by a voltage change of the same amplitude but of opposite 
polarity so that the signal returns to the range reserved for 
picture modulation after each synchronizing impulse; other¬ 
wise a ‘‘staircase” wave would be formed. It is not essential 
that this reverse synchronizing voltage change shall also be 
of step form, but the synchronizing edge must be followed by a 
sufficient period to allow the circuits to respond to it before it 
is removed, and once this synchronizing period has elapsed it 
is desirable that the signal should return to black level quickly 
so that the maximum time is left available for picture modu¬ 
lation. 

The Basic Square-pulse Wave. It is usual therefore to 
make the reverse synchronizing voltage change of step form 
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also and the resultant ideal wave-shape is rectangular, as already 
shown in Figs. 1.8a and 1.8b. Each synchronizing edge is 
followed, after a small delay, by a reversed step; each pair of 
steps so formed comprises a square pulse. Successive pulses 
are separated by comparatively longer periods ; in other words, 
each synchronizing pulse represents a small portion (e.g. 10 % 
for the British line signal) of the cycle of the waveform resulting 
from the recurrence of the pulses. It is customary to speak of 
the ‘'(pulse) recurrence rate,” “(pulse) recurrence frequency” 
(p.r.f.), or “(pulse) repetition rate” of this waveform. The 
duration of the synchronizing pulse is made sufficient to allow 
the scan flyback to take place and during this period the 
picture modulation is suppressed at the transmitter (see 
Chapter I). 

Combination of the Line and Frame Synchronizing 
Pulses. The synchronizing waveform just constructed will 
control only one time base satisfactorily. Since two time bases 
need to be synchronized in the receiver it is necessary to 
provide two such waveforms, each having suitable values of 
pulse recurrence rate and pulse width for the desired line and 
frame transmission constants. The two pulse trains required 
must therefore be combined in such a manner that they may 
be separated readily at the receiver. It would be simplest to 
interrupt the line pulse train at frame frequency to allow 
insertion of the frame pulses and to make the latter sufficiently 
different from the line pulses to facilitate separation, as shown 
at (i) in Fig. 5.1a. For reasons of stability, however, it is 
desirable not to interrupt the line-synchronizing impulses while 
the frame pulse occurs but to continue them through the 
latter, which needs to be several line periods in duration to 
ensure initiation of the frame flyback (ii). If alternate 
frames are interlaced by the odd-line method, as in both British 
and American systems, the ratio of line to frame frequencies 
will be such that the framing pulse will differ on alternate 
frames in its timing relative to adjacent line pulses. Thus, if 
the first framing pulse were to start at the instant when the 
leading edge of a line pulse would normally occur the next 




Fig. 5.1a. Synthesis of the British Synchronizing Signal 
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framing pulse would start approximately half-way between 
two successive line pulses. In the first case the preceding 
frame is termed “even,” and in the alternate case the frame 
being terminated is said to be “odd.” It will be noted (ii) that 
the line synchronizing steps in the long framing pulse are 
preceded by the reversal steps because the existence of the 
framing pulse holds the intermediate voltage at the opposite 
end of the synchronizing voltage range. Accordingly the 
framing pulse is serrated by a number of narrow pulses of 
opposite polarity which are similar in appearance to inverted 
line pulses. The framing pulse is thereby divided into a 
sequence of shorter pulses each of which has an actual duration 
of nearly one line period. Jf the resultant framing signal is 
compared on alternate frames it will be observed that while 
the first framing pulse is nearly one line period in duration in 
the “even” case it is less than one half-line in duration in the 
“odd” case. This irregularity cannot be tolerated in practice 
because it would make the problem of achieving correct inter¬ 
lacing of alternate frames quite difficult unless complex cir¬ 
cuitry were resorted to. Accordingly the framing pulse is 
serrated at twice line frequency as drawn at (iii). One small 
irregularity still remains—that of the variation between alter¬ 
nate frames in the length of the period between the last line 
synchronizing pulse and the commencement of the framing 
signal. In the standard British transmission this discrepancy 
has been accepted but in the American signal it has been 
rendered ineffective by the insertion of a group of “equalizing” 
pulses between the last active line and the commencement of 
the framing signal; as a result the synchronizing circuits are 
in the same condition when the framing signal occurs after all 
frames. The equalizing pulses are also introduced after the 
framing signal so that the latter occurs centrally within the 
entire framing period (see Fig. 5.1b). 

Polarity of the Synchronizing Signal. In the accom¬ 
panying diagrams the framing pulses have been drawn with 
positive-going synchronizing edges, but in actual circuits the 
synchronizing signal may occur with either polarity, e.g. in a 




Fig. 3.1b, The American Synchronizing Signal 
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synchronizing amplifier of the normal type (grid in])ut, anode 
output) the signal polarities at input and output will be 
opposite. An important point, which will be understood later, 
is that the signal supplied to the actual synchronizing system 
must be complete with its d.c. component. 

Harmonic Components of the Synchronizing Signal. 
In the foregoing synthesis of the complete synchronizing signal 
the signal has been considered as a complex recurrent transient. 
In the British case two pulse trains, one at line frequency 
(10,125 per sec) and one at twice line frequency (20,250 per sec) 
are switched in and out at frame frequency to produce the 
complete signal, while in the American case three pulse trains, 
one at line frequency (15,750 per sec) and two (one for frame 
synchronization, the other for equalization) at twice line 
frequency (31,500 per sec) are involved. Certain aspects of 
synchronization require recognition of its harmonic content, i.e. 
as a fundamental sinusoid accompanied by harmonics. On this 
basis the framing and equalizing pulse trains which interrupt 
the line pulse train both have twice the basic repetition rate 
of the latter; they may be regarded as being due to discon- 
tinuous changes in the phase and amplitudes of the harmonics 
of the line frequency fundamental. 

The change of waveform constituting the framing signal 
causes a change in the level of the d.c. component; this fact 
is the basis of a method of frame synchronization to be described 
later. An important point in the American waveform is that 
although the equalizing pulses have twice the recurrence 
frequency of the line synchronizing pulses their width is half 
that of the latter; as a result there is no change of d.c. com¬ 
ponent during the equalizing period (see Fig. 5.1b). 

5.2. The Synchronization of Oscillators. Oscillator circuits 
are of two kinds. While the basic arrangement consists of an 
amplifier valve having a feedback network connected so as 
to provide sufficient grid excitation in the correct phase to 
maintain the anode oscillation, the amplitude, frequency and 
wave-shape of the latter and the stability and controllability of 
the circuit may depend almost entirely on a stable circuit 
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contained in the external network or on the relatively unstable 
valve and its voltage supplies. At the one extreme, the valve 
may be backcoupled lightly through a stable, high-Q tuned 
circuit to produce a sinusoidal oscillation whose frequency and 
waveform depend chiefly on the tuned circuit. At the other 
extreme tight backcoupling, through a substantially aperiodic 
circuit as in the blocking oscillator, provides a yjulse voltage 
of low stability and considerable dependence on the valve and 
its operating potentials. Circuits of the latter type are called 
“relaxation” oscillators; all direct sawtooth generators are of 
this type. 

It was explained in the last chapter that a regular sequence 
of narrow spikes represents an ideal synchronizing wave for 
the type of circuit employed for sawtooth generation. When 
the period of oscillation of the latter, which depends on the 
rate at which the valve is allowed to come out of cut-off 
(usually by a CR network in the control-grid/cathode circuit), 
is adjusted (usually by variation of the resistance) to be a little 
longer than that of the synchronizing pulse wave, the latter 
takes control by initiating the recommencement of anode 
current before it would normally occur. 

The fundamental problem in television time-base syn¬ 
chronization is to produce a wave whose frequency and phase is 
exactly the same as that of the synchronizing component of 
the received signal. The method of using pulses derived from 
the synchronizing signal itself to trigger a circuit which is 
very susceptible to control voltage and not markedly sensitive 
to frequency variation is not the only solution to this problem 
and has certain defects. In particular it is extremely sensitive 
to noise and other spurious signals because it requires wide 
bandwidth in the synchronizing circuits in order to preserve 
the pulse shape. The alternative method in its ideal form 
employs an oscillator which is naturally disposed to oscillate 
in the region of the required frequency and controlled by a 
direct voltage representing the error in phase and frequency 
between the oscillator and the synchronizing signal in such 
a manner that the error tends automatically to zero. This 
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method is capable of operating under conditions of heavy 
interference without loss of synchronism and is of particular 
advantage in the American system, where heavy interference 
(in driving the picture tube towards black) has a less objection¬ 
able effect on the picture than in the British case. This alter¬ 
native method is called ‘‘flywheel synchronization”; it does 
not necessarily require the automatic circuits mentioned above 
and may be applied to a certain extent in the triggered type 
of circuit. 

5.3. The Functions of the Synchronizing System. The pur¬ 
pose of the synchronizing circuits is to remove the picture 
modulation from the composite video signal and derive, from 
the resultant synchronizing signal, waveforms suitable for 
holding the two scanning circuits in synchronism with their 
respective timing pulses containc^d in the signal. Accordingly 
the synchronizing system as a whole has one input and two 
outputs; the in})ut is usually taken from the final output of 
the video circuit, where the signal amplitude is greatest, so 
that synchronism will hold down to lower signal levels than 
would be the case if a smaller signal were used. Once syn¬ 
chronism has been established manually by the hold control 
of each time base the synchronizing circuits should main¬ 
tain it over a wide range of conditions of signal level and 
interference. 

Ideally it would be necessary for the synchronizing system 
to separate the picture modulation from the synchronizing 
signal and then split the latter into its components, so that 
the processes involved would be inverse to the synthesis 
described previously (§ 5.1). While the removal of picture 
modulation presents no difficulties, and is invariably carried 
out as the initial step, it is not easy to separate the two pulse 
trains representing the line and frame synchronizing signals 
and the usual practice is to accentuate the respective portions 
of the synchronizing signal by passing it through two separate 
shaping networks arranged in tandem. This accentuation must 
be achieved without mutilation of the step impulses constituting 
the signal particularly when pulse triggering of the time base 



148 


PRINCIPLES OF TELEVISION RECEPTION 


is preferred to flywheel synchronization. The problem of 
deriving the two time-base synchronizing waves is considerably 
increased if removal of the picture modulation is incomplete 
(leakage over stray capacitance usually occurs in some degree) 
or if the television signal is accompanied by spurious voltages 
such as excessive noise or man-made static; again, feedback 
of flyback pulses from the time bases, possibly by way of a 
common H.T. supply, may occur. The degree of synchronism 
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5.3a. (tKneiial Schematic of the Synchkonizinc; System 


achieved is often determined by the extent to which such 
influences are removed rather than by the choice of the 
separator circuits. 

Block Schematic of the Synchronizing System. A 
generalized bloek schematic of the complete synchronizing 
circuit system required by the trigger pulse method, as used 
exclusively in this country (to date) and very frequently in 
the U.S.A., is shown in full in Fig. 5.3a. The additional stages 
required for automatic frequency and phase control of the 
time bases are indicated (for one time base only) by dashed 
lines. The latter method is being adopted increasingly in the 
U.S.A., despite the considerable increase in cost. It should be 
mentioned that such circuits are more worth while with negative 
signal modulation because the picture is ‘‘usable” under con¬ 
ditions of greater interference than with positive modulation. 
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Very often only one time base, usually the line circuit, is 
controlled in this manner. 

Considering the simpler method it will be noted that the 
composite signal is fed at video (rather than carrier) frequency 
from a point following the receiver demodulator into the first 
stage. This is an amplitude filter or discriminator which 
responds to the synchronizing portion of the signal only and 
effectively clips off the picture modulation. For this stage to 
operate satisfactorily the signal fed to it must have its d.c. 
component so that the synchronizing pulses always occur 
between the same voltage levels. Moreover, the clipping level 
should be set automatically by the mean signal strength. The 
separated synchronizing signal is then fed firstly to a shaping 
circuit which accentuates the line s 3 mchronizing edges and 
secondly to a parallel network which responds to the framing 
signal and suppresses the line frequency ])ulses. The whole 
circuit must be arranged so that the two scanning circuits are 
adequately buffered from each other and from the synchroniz¬ 
ing signal separator. Normally both time bases employ an 
unstabilized relaxation oscillator (e.g. one of the types described 
in the last chapter) which responds to each pulse fed to it and 
rapidly switches back to the commencement of its linear 
voltage rise each time it receives a pulse. For stable working 
and minimum dependenee on received signal strength the 
synchronizing voltage should be applied to the most sensitive 
point (usually the discharge valve control grid) of the generator 
and the natural frequency of the latter adjusted to a value 
very elose to the required frequency. Greater stability, particu¬ 
larly in the presence of transient interfering noises, can be 
achieved by coupling a high-Q tuned circuit to the oscillator 
in such a manner (e.g. by insertion in the grid circuit) that the 
tendency of the oscillator to work at the desired frequency is 
considerably increased. This modification introduces to a 
small degree the flywheel property and enables synchronism 
to be held when the synchronizing pulses disappear or fall 
appreciably in amplitude for brief periods. Flywheel syn¬ 
chronism may be achieved in greater degree by feeding the 
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synchronizing pulses to the controlled circuit through bandpass 
filters tuned to the required time-base frequency. In general, 
the trigger method is simpler and is cpiite satisfactory under 
normal conditions; flywheel technique is much superior, albeit 
more expensive, under conditions of heavy interference. The 
effectiveness of the flywheel method is limited by the fact that 
generators capable of directly generating a sawtooth voltage 
or current wave are inevitably of the unstable relaxation type; 
full exploitation of the method requires the automatic control 
circuits already mentioned, together with a suitable oscillator. 

The general principle of automatic frequency and phast 
control can be understood from the block schematic of Fig. 5.3a. 
The synchronizing pulses are fed together with a voltage wave 
derived from the time base into a circuit capable of discrimin¬ 
ating between the two signals in regard to their phase and 
frequency. If the two signals differ in phase or frequency, a 
voltage representative in magnitude and direction of the })hase 
or frequency difference appears at the discriminator output 
and is applied to the time-base generator in such a manner 
that the phase or frequency of the latter shifts in such a direc¬ 
tion as to reduce or “zero” the difference. At this point it 
should be remembered that phase and frequency are not funda¬ 
mentally unrelated quantities. If two voltages (or currents) 
have the same frequency but differ in phase, their representative 
vectors rotate at the same speed and with an angular separation 
equal to the electrical phase difference. When the phase 
difference is constant the two vectors are stationary in relation 
to each other and the angular separation remains constant. 
If the frequency of one voltage is different from the other its 
vector will rotate relative to the other, and the angular differ¬ 
ence will not remain constant but will increase linearly with 
time, although the actual angular separation will remain less 
than 180® and vary cyclically at the diflferehce frequency. 
Frequency difference may therefore be regarded in terms of 
phase. Thus the discriminator must be a phase discriminator 
or detector and will “zero ” to the condition in which successive 
synchronizing pulses occupy the same point in relation to 
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successive sweeps generated by the time base. A manual 
control of the time-base frequency must be used to establish 
initially the coiTect timing relationship, viz. the coincidence 
of the synchronizing pulse and the time-base flyback. The 
circuit technique will be described in a later section. 

5.4. The Synchronizing Signal Separator. The amplitude 
filter needed for separating the synchronizing signal by re¬ 
moving the picture modulation from the composite video 
signal requires some form of non-linear device having ideally 
a characteristic of the form 
shown in Fig. 5.4 a. The input 
quantity (usually signal volt¬ 
age) is plotted horizontally 
and the response of the device 
(usually current) is plotted 
vertically. The relationship 
between the two quantities 
has a ‘‘broken” characteristic 
and until the input quantity 
passes a certain level no cur¬ 
rent flow occurs. Beyond this critical level the relationship 
between applied voltage and current response is ideally linear 
but in practice it usually has initial upward curvature. 
Signal voltage is applied in such a manner that the voltage 
corresponding to black level coincides with the critical 
input at which current commences. The arrangement 
of input signal polarity depends on whether the current is 
used to develop the output signal voltage or to short-circuit 
the apphed voltage (see Fig. 5.4b). In the first case (i) the 
synchronizing pulses have the polarity required to increase 
the current flow of the non-linear device; in the second case 
(ii) the composite signal is fed to the filter element through a 
high resistor which forms a heavy attenuator when the picture 
draws current and thereby practically short-circuits the output. 
In both arrangements the non-linear element is usually a valve, 
and may be a diode or an amplifier valve. In the case of the 
diode separator the anode-current/anode-voltage is the only 



-Input 


Critical Input 


5.4a. Ideal Characteristic 
OF Sy^jchroniztng Signal 
Serauator (Amplitude Filter) 



152 


PRINCIPLES OF TELEVISION RECEPTION 


available broken characteristic, but when an amplifier valve 
is chosen for separation the grid-voltage/grid-current charac¬ 
teristic or the grid-voltage/anode-current characteristic may 
be employed. Of the two basic methods available the one in 
which output current fiows during synchronizing pulses is 
the better because output during the picture modulation is 



Fig. 5.4b. Basic Synchronizing Signal Separators 


theoretically zero, whereas in the shorting method of using 
the non-linear element the attenuation cannot be infinite. 

Diode Separators. These are frequently employed in 
commercial receivers, either separately in the lower-priced 
examples, or in cascade with an amplifier-ty 3 )e separator where 
it is desired to minimize loading on the circuit supplying the 
video signal and to achieve good separation. Two circuit 
arrangements are shown in Fig. 5.4c. In the first (i) the diode 
acts as a gate; it is biased at its anode by a voltage tapped 
from the H.T. supply by and and smoothed by 
against the positive-going picture modulation and conducts 
only when the synchronizing signal drives its cathode potential 
below the bias voltage set by the potentiometer. The pulses 
of conduction current develop an output voltage across the load 
iig inserted in the anode lead. In the alternative arrangement 
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the diode is connected in shunt with the signal path and 
is biased at its cathode, by the same arrangement as before, 
so that it conducts only during picture modulation; its resis¬ 
tance is then so low compared with that inserted in the signal 
path that great attenuation occurs and the undesired picture 
signal output may well be less than that which leaks over the 
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anode-grid capacitance of the diode in the previous arrange¬ 
ment. If these circuits are supplied by a diode detector direct 
connection is made to its output terminal. Usually, however, 
the greater voltage output of the video amplifier is preferred 
and if direct coupling is chosen the diode separator bias must 
include a component large enough to back off the standing 
anode voltage of the video amplifier. In the latter case the 
voltage across will be less than that across iig, and may 
be connected to H.T. positive rather than H.T. negative if 
the supply impedance is sufficiently low. If CR couphng from 
the video amplifier to the separator is preferred a diode d.c. 
restorer must be connected with its anode towards the earthy 
side of the separator circuit—at least where the diode is shunt 
connected—^for with the series connection the valve is connected 
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in such a manner that d.c. restoration takes place and with 
satisfactory efficiency when is small. It is quite easy to 
achieve some measure of automatic biasing of the diode 
separator when it is desired to cater for wide variations of 
signal strength; is omitted and the time constant C^R^ 
made large enough to develop a substantially constant bias 
from the pulses of conduction current, which bias is, of course, 
proportional to the amplitude of the pulses. 

Amplifier-type Separators. It will be noted that in the 
diode separators just described no polarity change occurs 
between input and output signal voltages. If a reversal of 
polarity is required in order to obtain the correct polarity of 
the synchronizing waveform(s) finally produced, the grid/ 
cathode portion of an amplifier-type valve may be used as a 
diode separator (shunt type) and an inverted (amplified) signal 
obtained at the anode. An example is shown in (i), Fig. 5.4d. 
It must be capacitor-resistor coupled if fed from the anode of 
the video amplifier and must be fitted with a d.c. restorer. If 
the series resistor is made sufficiently large to minimize the 
residual picture signal at the grid (which signal is amplified to 
some extent together with the synchronizing pulses) the filter 
formed by this resistor and the input capacitance of the valve 
may seriously mar the steep edges of the line synchronizing 
pulses. Accordingly this circuit is usually used only when 
separate separators are employed, one for each time-base 
channel, with a more satisfactory circuit for line synchronizing 
separation. 

The amplifier type of separator is best arranged (polarity 
considerations permitting) as an anode-bend detector, i.e. with 
positive-going synchronizing pulses and sufficient negative 
grid bias to cut off the valve when the signal input voltage is 
at black level. By comparison with the grid current limiting 
separator the input must be in opposite polarity so that if the 
synchronizing pulses are of sufficient amplitude to draw appre¬ 
ciable grid current, then capacitor-resistor feed may be adopted 
without the need for an additional diode d.c. restorer. The 
basic circuit is given at (ii) in Fig. 5.4d. 
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Practical Separator Arrangements. Two important 
considerations in the arrangement of the separator are the 
need for minimum loading of the video amplifier, which may 
also have to operate a “spotter” (anti-ignition interference) 



Fig. 5.4d. Amplifiek-typk Sync^hronizino Skpauatohs 


circuit as well as the cathode-ray tube, and for minimizing 
coupling through it between the two time bases. Again, 
elimination of picture leakage is more important in the case 
of the line circuit, while more drive is often needed for satis¬ 
factory operation in the frame s 3 mchronizing channel. From 
the point of view of video amplifier loading a low capacitance 
type diode (about 2 pF) in the series circuit is attractive and 
one may be used to feed each time base separately without 
bringing the video loading up to that presented by a single 
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amplifier valve separator, although inter-time-base buffering 
may not be adequate in this arrangement. The amplifier-type 
separator has the advantage of providing some degree of 
buffering since one output may be taken from its anode and 
another from its screen grid or cathode. Two methods of 
arranging a cathode follower to decrease video amplifier loading 
and help with the buffering problem are shown in schematic 
form in Fig. 5.4e. In the first (i) the cathode follower is used 
to couple the cathode-ray tube to the video amplifier and the 
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Fig. 5.4e. Two Uses of Cathode Coupling in the Video 
Output Stage 


separator is buffered from both by taking its input from a 
small load resistor in the anode circuit of the cathode follower. 
In the alternative (ii) the cathode follower feeds the syn¬ 
chronizing voltage to one time base from its cathode and the 
other from a small load inserted in its anode circuit; separate 
synchronizing signal separators are required, one in each output 
channel. A further consideration in practical synchronizing 
circuits is that of polarity. While the time-base generators 
nearly always require positive pulses for the trigger method 
of sjmchronization the signal voltage available at the video 
amplifier anode may have either polarity depending on whether 
positive (American system) or negative (British system) modu¬ 
lation is used at the transmitter and on whether the grid or 
cathode of the tube is used as the modulating electrode (see 
Chapter VI). Thus when amplification is needed in the syn¬ 
chronizing system it is often required to achieve it without 
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signal inversion. In such cases the cathode-input stage is usually 
employed together with a cathode folJower (see Fig. 5.4f). 

The double-triode valve with cathode coupling is particularly 
useful in synchronizing circuits. Thus it may be directly 
coupled to the video amplifier anode to avoid the use of a 
separate d.c. restorer as a buffer between the two time-base 
synchronizing channels, as two separators in cascade, or as a 
non-inverting synchronizing amplifier. Such arrangements are 
rarely used in British practice in which design is seriously 


+ CRT + + + 



Fig. 5.4f. Cathode-coupled, Doubi^e-tkiode, Non-inventing 
Synchronizing Amplifier 


restricted by economic considerations but they are found in 
American circuits. 

5.5. Separation of the Line Synchronizing Pulses. It is not 

possible to separate readily the line synchronizing signal from 
the complete synchronizing wave, because it runs through the 
long framing pulse. In practice, however, it has been found 
possible to achieve satisfactory line s3mchronizing by using the 
differentiated version of the complete synchronizing signal. 
The effect of differentiating the signal is shown for the British 
case at (i) and for the American signal at (ii) in Fig. 5.5a. 
The chief results are the conversion of the positive-going step 
impulses into sharp peaky pulses and the separation of the 
voltage ranges occupied by the positive- and negative-going 
pulses as compared with the common voltage range occupied 
by the original step impulses. 
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Considering only the positive-going peaky pulses, which are 
the ones normally used for firing the line time-base generator, 
it will be noted that the result of introducing the equalizing 
and framing pulses is to double their repetition rate by intro¬ 
ducing a new pulse half-way between existing adjacent pulses. 




(I) Portion of the Britisfi Signal 



If the unsynchronized line time base runs reasonably closely 
to the required frequency it will lock to the pulses recurring at 
line repetition rate and ignore the intermediate pulses intro¬ 
duced at the end of each frame, except perhaps when the latter 
are of excessive amplitude. It is not essential to eliminate 
the negative-going peaky pulses but the differentiated wave is 
sometimes fed to the time base through an amplitude filter 
to remove picture leakage over the synchronizing signal 
separator and to block interfering signals. 
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5.6. Separation of the Frame Signal. In both British and 
American transmissions the framing signal may be regarded 
as a pulse train of double line frequency and of a few lines 
duration which is switched in to replace the line synchronizing 
pulse train once per frame (field). 

The fact that this brief pulse train recurs at frame frequency 
and that it is required to make the time base run at the latter 
frequency suggests the use of a narrow band-pass filter centred 
on the frame frequency, and this inethod was very frequently 
used in pre-war receivers. It is suitable when flywheel syn¬ 
chronism is required but not when it is desired to use individual 
steps of the synchronizing wave to time the scanning circuit 
flyback frame by frame, as in the trigger method, because the 
restricted frequency response of the filter eliminates almost 
entirely the step changes in the waveform. On the other hand, 
interference is correspondingly reduced. 

In the majority of circuits trigger synchronization is preferred 
and the consequent need for preserving the shape of the 
synchronizing impulses leads to the use of low-pass filter-type 
networks whose response extends to a frequency well above 
that of the framing pulse repetition rate. The fact that the 
width of the framing pulses is considerably greater than that 
of the line pulses (the ratio of widths is approximately 4 : 1 
in the British case and 6 : 1 in the American) makes it possible 
to distinguish between them by using a suitable pulse width 
discriminator. In the simplest (and commonest) case this takes 
the form of the familiar single-section GR integrator. The 
output obtained from such a network when the input to the 
integrator is the actual synchronizing signal is shown for both 
British and American transmissions in Fig. 5.6a. Considering 
the simpler example, it will be seen that owing to the short 
duration of the line pulses the output they provide is of very 
small amplitude and has ample time to return to the starting 
level. During the framing signal the positive-going pulses 
are longer than the line pulses and are wider (rather than 
narrower, as previously) than the serrations between them so 
that the signal builds up to a larger amplitude during the first 
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pulse than during a line pulse and continues to increase over 
subsequent pulses. The line pulse output can easily be elimin¬ 
ated, if necessary by a diode gate such as that described for 
synchronizing signal separation in an earlier section. It is 
possible to improve discrimination by using two or more CR 
integrating sections in cascade and this is often done, particu¬ 
larly in American circuits. The improvement will be understood 
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(i) Iniegraiion of the British Framing Signal 


^ Clipping Level 

(ii) Integration of the American Framing Signal 

Fig. 5.6a. Integration of Framing Signals 

if the response of two sections to a step impulse is compared 
with that of one section (see Fig. 5.6b) ; it will be noted that 
the initial curvature is upward rather than downward so that 
up to a point the degree of discrimination increases with pulse 
width ratio. 

The use of the integrator type of shaping network for frame 
signal separation suffers from the disadvantage of causing 
almost complete elimination of the step changes in the input 
waveform, wliich changes are desirable for precision of timing 
of the time base generator. While this disadvantage is offset 
by the H.F. interference filtering property of the network it 
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has led to the development of circuits which discriminate 
equally well but without such serious loss of the sharp changes 
in the applied wave. 

One method is to add a differentiated version of the 
I- Step Voltage Inpul 


Voltage Output of 
Single CR Integrator 


Volt^e Output of 
Two CtR Integrators 
in Cascade 

Fig. 5.6b. Intbcjrator Voltage Outbitts 

synchronizing signal to the integrated waveform. This can be 
done without difficulty if a current-operated integrator is 
employed; a typical example is given in Fig. 5 .Cc. The parallel 
CR integrator is connected in the anode circuit of a pentode 



Fig. 5.6c. Combination of Integration and Differentiation in 
Framing Signal Separator 


synchronizing separator and a small resistor is placed in series 
with it to develop a voltage for operating a differentiating 
branch. The latter is connected directly across this resistor, 
and the output is taken from the junction of the differentiator 
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SO that the differentiated signal voltage developed across the 
differentiating resistor is superimposed on the integrated signal 
appearing across the parallel CR. The waveforms are tabulated 
alongside the figure. It would be better to invert the signal 
before differentiating it, but the resultant circuit is more 
elaborate because an inverter is needed in the differentiating 
channel. 

One way of restoring the abrupt signal voltage changes in 
the output of the simple integrator is to associate with the 
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Fin. 5.6 t). The “Double Time-constant” Inteohatob Framing- 
signal Separator 


latter a low-impedance diode so arranged that it is non- 
conductive during the synchronizing pulses, thus allowing the 
integrating action to take place during these periods in the 
manner already described, but is conductive during the inter¬ 
mediate periods. Accordingly a large and rapid change of 
output occurs at the end of each framing pulse. The basic 
circuit is shown at (i) in Fig. 5.6d. The s3nichronizing pulses 
are negative-going and are fed to a parallel CR network through 
the diode. During the synchronizing pulses the latter cuts off 
and allows the parallel CR circuit to discharge to a small extent 
in the case of the line pulses but to a much lower level when 
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the framing pulses are applied. At the end of each pulse the 
diode conducts and ra 2 )idly recharges the integrator capacitor. 
The waveform so produced (ii) differs from that of the simple 
integrator in two ways; the out 2 )ut does not build up progres¬ 
sively over the entire jiulse train and the discharge portions 
of the waveform are rapid rather than shallow. A typical 
practical circuit as used by Pye, Ltd. (Chapter VIII) is shown 
at (iii). The diode providing the short-time-constant recharging 
circuit is followed by a diode gate so biased that only the 
framing pulses produce an output. The two diodes are con¬ 
tained in a common envelope and have a common cathode. 
The output current is fed to the frame time-base oscillator 
over a differentiating transformer. An adjustable clipping 
level is j)rovided by putting a variable bias on the anode 
of the second diode; this bias, indicated by the dashed line in 
(ii), is tajiped from the H.T. supply. 

A most effective method of shajung the synchronizing wave¬ 
form to bring out the framing jiulses makes use of the fact that 
the d.c. component of the framing signal differs considerably 
from that of the line signal. It was first described by H. A. 
Fairhurst (British Patent No. 4844P2) and is used in Murphy 
receivers. 

The change of d.c. component during the framing pulse train 
(Figs. 5.1a and 5.1b) forms an asymmetrical square wave of 
frame frequency and the portion of this wave corresponding 
to the framing period may be picked out by differentiating 
the entire synchronizing signal in a CR network of time constant 
approximately equal to the period of one framing pulse as 
shown, together with the basic circuit, in Fig. 5.6e. An impor¬ 
tant feature of this method is the retention of the sharp edges 
of the synchronizing signal. In effect the exponential voltage 
change caused by differentiation forms a rising pedestal for 
the pulses formed by the frame signal serrations and the latter 
are used for triggering the time base. 

All the circuits so far described need a large amplitude signal 
for operating the shaping CR circuit and should be followed 
by some form of amplitude filter to eliminate the residual line 
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signal. The time constant of the basic shaping CR circuit is, 
in all cases, of the order of half the line period. 

A less common but most effective frame signal separator 



Line Period 

Fig. 5.6e. Pautial Differentiation of the Framing Signal 


uses the synchronizing pulses to shock-excite and control 
oscillations in a resonant circuit.* An example is given in 
Fig. 5.6 f. a parallel LC circuit tuned to a frequency whose 
half period approximates the duration of the serration between 


— Ov 



Fig. 5.6f. Resonant Framing Signal Shapf:r 


successive framing pulses is connected in the anode circuit of 
a valve supplied with the synchronizing signal at its grid. 
Each time a step change occurs in this signal the sudden 
* E. L. C. White, British Patent No. 505764. 






THE SYNCHRONIZING CIRCUITS 


165 


change of anode current tends to send the anode circuit into 
oscillation at its natural frequency. While the changes due 
to negative-going changes of input cut the valve off and allow 
the anode circuit to oscillate freely, the reverse grid clianges 
bring on heavy anode current and the valve provides severe 
damping on the tuned circuit. The resultant anode waveform 
is shown in the figure. 'I'he large first half-cycle of the little- 
damped oscillations coincides with the framing signal serrations 
and provides suitable pulses for correctly timing the frame 
oscillator. 

There are more advanced and more effective methods of 
separation than those described but they are not, as yet, 
employed in commercial receivers. A very complete account 
of the circuit technique has been given by the author in a 
paper entitled Frame Time-Base Synchronization 

In the foregoing no mention has been made of the conditions 
required for correct interlacing. It will have been noticed 
that the framing signal provides a series of pulses at half-line 
intervals and successive pulses do not differ considerably in 
amplitude, so that the time base may not always trigger from 
corresponding pulses in successive framing signals, particularly 
if the synchronizing signal is accompanied by interference. 
Ideally the first framing pulse should trigger the time base 
every time so that ample time is allowed for the flyback and 
this condition can be obtained by careful design of the separator 
and its associated circuits.^^» 

5.7. Automatic Frequency and Phase Control. The method 
of automatically controlling the frequency and phase of the 
time-base oscillator, which is becoming very common in 
American receivers, is best understood by consideration of a 
t3q3ical example. An R.C.A. circuit is shown in Fig. 5.7a. 

To be fully effective and to take full advantage of the fly¬ 
wheel property, the time-base generator should be a stable 
form of oscillator, hence the relaxation types of sawtooth 
oscillator described in the last chapter are not very suitable. 
The normal method of converting the basic sawtooth generator 
into a stable source is to use the output of a stable sinusoidal 
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oscillator to trigger the hard discharge valve instead of arrang¬ 
ing feedback in the latter in order to make it self-running. 
In the example given a 6K6GT beam tetrode is arranged in 
the cathode-coupled form of Hartley oscillator to produce a 
stable hne-frequency oscillation. The amphtude of the sinu¬ 
soidal voltage developed between the top of the inductor and 
the centre tap is of the order of 100 V peak-to-peak, which is 

6K6 



Time-base Synchronism 


{Courtesy of R.C.A., Ltd.) 

considerably greater than the grid base of the valve, and the 
parallel CR circuit of long time constant inserted in the grid 
lead develops such a large negative bias that only the peaks 
of each positive half-cycle of the voltage fed to the grid allow 
anode current to flow. Moreover, sufficient grid current flows 
at the extreme tips of the positive half-cycles of input voltage 
to cause clipping. The overall result is that an approximately 
square anode current pulse of duration about one-twentieth 
of the oscillation period flows at the peak of each positive 
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half-cycle of the input. The square negative voltage pulses 
developed at the anode of the oscillator by the insertion of the 
resistive anode load are differentiated in the coupling CR filter 
to the discharge valve grid and the latter is so adjusted that 
it fires on each positive jieaky pulse from the differentiator. 

The Reactance Control Valve. Control of the oscillator 
valve is achieved by the use of a “reactance” valve of the kind 


i i 



e,i in Phase 6 lags 90'* on i 

Fig. 5.7b. Basic C^ikcuit of a form of Valve Reactance 

used in A.F.C. systems; its principle of operation will be clear 
from Fig. 5.7 b. At (i) an a.c. generator is inserted in the 
anode circuit of a valve supplied with suitable direct-operating 
potentials; the resultant alternating fluctuations are in phase 
with the injected voltage, and, to the a.c. source, the valve 
and its associated circuit appear as a pure resistance. At (ii) a 
potentiometer (“quadrature network”) is arranged to tap off 
a portion of the applied alternating voltage and apply it 
between grid and cathode of the valve, but with a phase advance 
of very nearly 90° which is obtained by using a capacitor in 
the upper arm of the potentiometer and a resistor in the lower 
arm* and choosing values sufficiently small to make the time 
constant small compared with the period of the applied voltage. 
Since the effect of the grid on the amplitude of the a.c. com¬ 
ponent of the anode current is far greater than that of the 
anode itself, the result of adding the phase shift potentiometer 
is to make the valve pass an alternating current (superimposed 
on the steady feed current) substantially 90° ahead of the 
applied voltage. Accordingly, the valve is equivalent to a 
capacitance from the point of view of the a.c. generator. If 

. * C, R may be transposed to obtain inductance, or cathode input employed. 
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the frequency-determining tuned circuit of a sinusoidal oscillator 
is used as the source of applied a.c. voltage the ‘"reactance” 
of the valve will be thrown across it and will modify the oscilla¬ 
tion frequency. The practical value of this arrangement is the 
possibility of voltage control over the phase and frequency of 
the oscillator, for if the effective mutual conductance (i.e. 
signal-current output/signal-voltage input for a given set of 
mean operating electrode potentials) is varied the magnitude 
of the reactance presented by the valve and the consequent 
oscillator frequency shift wdll change correspondingly. 

The Phase Discriminator. A control voltage suitable for 
the present purpose is obtained by comparing the phase of the 
oscillator output with that of the received synchronizing pulses 
in a conventional discriminator circuit, again of the type 
frequently encountered in A.F.C. systems. Two diodes each 
having a resistive cathode load are connected, at their anodes, 
to the ends of a winding coupled to the tuning inductor of the 
oscillator, and a common load impedance is provided to the 
synchronizing pulse signal injected through a blocking capacitor 
to the centre tap of the winding, by connecting the latter to 
the junction of the two cathode loads through a resistor. 
Assuming symmetrical arrangement of the transformer and 
the associated diode circuits it will be clear that equal mean 
direct potentials will appear across the cathode loads as a 
result of rectification of the voltage injected by the transformer. 
It will be noted that the two outputs, while of equal magnitudes, 
have opposite polarities, so that the total voltage developed 
across the loads will be zero regardless of the amplitude of the 
injected oscillatory voltage. In the absence of synchronizing 
pulses the oscillator is manually adjusted to the required 
frequency. When the pulses are applied (positive-going) they 
will slightly increase the mean diode currents and the change 
will not, in general, be the same in both cases. In fact, con¬ 
sideration of actual cases will show that the resultant change 
in the total (cathode-to-cathode) output voltage will correspond 
in magnitude and phase to the phase difference between the 
two signals. Accordingly this error voltage may be used to 
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control the oscillator through its reactive control valve, in 
such a manner that the error tends to zero. In the present 
example the polarity of the output is suitable for direct apph- 
cation to the control valve grid but needs to be altered to 
eliminate all variations (including spurious interfering signals, 
if present) and a simple integrator is used for this purpose. 

Automatic Control of the Sawtooth Osch^lator. It 
should be mentioned that while the use of a valve reactance- 
controlled stable sinusoidal oscillator is desirable in automatic 



Feedback of Sinusoidal Voltage 



Feedback Path for Sawtooth Voltage 
Fig. 5.7(1. Comparative Schematics of Circuits for Automatic 


Phase and Frequency Control of a Time Base 

(i) Wright’s circuit (Rcfcri'iice 10). 

(ii) Wciidt and Frcdcndall’s circuit (Reference 9). 

hold circuits of the kind just described, it is possible to apply 
the method to oscillators of the relaxation type which have 
the advantage over the more stable type of allowing direct 
control by the error voltage without the need of a reactance 
valve, although the latter voltage may need amj)lification. 
Again, the sinusoidal input is not essential to the satisfactory 
operation of the phase detector circuit and a sawtooth wave¬ 
form may equally well be used. The schematic of a typical 
circuit (R.C.A.) is given in Fig. 5.7c, alongside that of the 
arrangement already described. Except for minor circuit 
differences the discriminator circuit is similar to, and functions 
in the same manner as, the earlier example. The error voltage 
is amplified, and smoothed in the anode circuit of the amplifier 
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by a current-operated Cli circuit of long time constant before 
being directly coupled to the discharge valve (a conventional 
blocking oscillator) grid. In the equilibrium condition the 
frame synchronizing pulse train centres on the flyback stroke 
of the sawtooth wave derived from the time base.^^^> 

tJircuits of this kind are of particular advantage in metro¬ 
politan areas where the heavy prevailing level of man-made 
static makes achievement of consistently satisfactory syn¬ 
chronism very difficult by simpler circuit technique. It should 
be mentioned that circuits of the type shown in Fig. 5.7a were 
used for various purposes in military radar equipments during 
the war under the name “recurrence frequency selectors.” 
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CHAPTER VI 


THE VTOEO SIGNAL CIRCUITS 

Those receiver sections with no broadcast-set equivalents have 
now been dealt with. There remain the signal circuits and since 
the main requirement—wide-band amplification—arises at each 
stage it will be convenient to consider the entire video signal 
chain in tliis chapter. 

6.1. Specification of the Radio-frequency Signal. The very 
wide frequency band required to convey the signal representing 
a high-definition television picture, and the need for a corre¬ 
spondingly high carrier frequency well clear of existing broad¬ 
cast services, has led to the choice of ultra-high bands of radio 
frequencies for television transmission. In the British trans¬ 
mission from Alexandra Palace (North London), the vision 
signal is carried on 40 Mc/s and the sound accompaniment on 
41*5 Mc/s. In the U.S.A. a number of channels have been 
allocated for television transmission extending from 44 Mc/s 
to 21 fi Mc/s. In both countries amplitude modulation has 
been adopted for the video signal in order to ease the modulation 
problem at the transmitter and to minimize the band of 
frequencies occupied by the resultant R.F. signal. It is not 
essential to transmit both sidebands, but this is done in the 
first British station (see (i) in Fig. 6.1a) in order to simplify 
receiver design and facilitate the receiver alignment problem. 
When the American standards were formulated a form of 
vcvstigial single-sideband transmission was preferred. In this 
method the lower sideband is transmitted at full amplitude up 
to a minimum of 0-75 Mc/s and then rapidly attenuated so that 
at 1-25 Mc/s below the carrier the sideband is practically 
extinguished. The overall curve of the transmitter output is 
shown at (ii) in Fig. 6.1a. This form of transmission allows 
the receiver response to be reduced linearly to zero with the 
response to the carrier occurring at half-amplitude, as shown 
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by the chain line in the figure. This form of transmission avoids 
the difficulty of achieving sharp cut-ofi' in the transmitter. 
The eliief advantages of single-sideband working are a small 
saving of power at the transmitter (assuming low-level 
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modulation) and narrowing of the necessary acceptance 
bandwidth of the receiver (p. 193). 

6.2. The Essential Processes of Signal Reception. The essen¬ 
tial processes occurring in the television receiver between the 
pick-up of the R.F. signal by the aerial system and the modu¬ 
lation of the picture tube by the video signal are the same 
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as in the corresponding type of broadcast receiver. Some 
degree of amplification at carrier frequency is followed either 
by frequency change and I.F. amplification or by further 
R.^". amplification before the signal is demodulated. The 
former (superheterodyne) method is invariably employed 
where two or more stations may be received, as in certain 
cities of the U.S.A., and has advantages even for single-station 
reception, but the alternative method (“straight’’) is usually 
preferred in the latter case. It is advantageous, as will be 
explained in a later section, to employ a certain amount of 
V.F. amplification before the demodulated signal is applied 
to the picture tube grid. The direct component of the detector 
output must be passed on to the grid, however, or adequately 
re-established between grid and cathode since it represents 
an essential part of the signal. In some American designs 
automatic gain control is used, and in a similar manner to 
automatic volume control in normal broadcast receivers. It is 
more important to provide some means of protection against 
interference produced by car ignition systems, and such 
“spotter” circuits are frequently incorporated in the video 
circuit of British receivers. 

6.3. General Design of the Signal Circuit System. America 
the choice between the superheterodyne and tuned radio- 
frequency methods of reception has been determined in favour 
of the former by the intention of setting up a large number of 
transmitting stations and by the allocation of television 
channels extending up to a carrier frequency greater than 
200 Mc/s. Where more than one station is to be received and 
the carrier frequency is well above 50 Mc/s the advantages of 
the superheterodyne far outweigh those of the straight receiver. 
In the British case the existence of only one station operating 
at a frequency well within the capabilities of normal amplifier 
valves makes the simpler method of reception worth while, 
although superheterodyne circuits are frequently used, the 
extra cost of the frequency-changing stage being offset by 
improved stability and greater ease in achieving the desired 
gain and bandwidth while suppressing the sound transmission. 
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The present trend in British receivers is toward straight 
circuits using the improved U.H.F. amplifying valve developed 
for radar receivers, together with single-sideband working. 

The allocation of the required overall gain between the 
various portions of the complete (aerial to cathode-ray tube) 
signal chain depends on various factors. The peak-to-peak 
amplitude of video signal required to modulate the picture 
tube fully is of the order 15-50 V (including the synchronizing 
pulses) so that if the tube grid were fed directly from the 
demodulator the final R.F. (or T.F.) amplifier would have to 
provide considerably more than twice this amplitude, which 
output would be difficult to obtain without distortion in a 
stage of reasonably normal design. It is better to handle the 
signal when it occurs at the greatest required amplitude in a 
post-demodulator circuit, since the latter inevitably halves 
the peak-to-peak amplitude of the signal in the demodulation 
process. The demodulator must, however, be provided with 
as large an R.F. signal as is conveniently possible (at least 
5 V amplitude) in order to swamp the initial square-law 
curvature of its input-output characteristic. 

The total maximum gain of the receiver is normally of the 
order of 500,000. In a single-sideband T.R.F. circuit this figure 
may be achieved in four stages if modern type amplifying 
valves are employed. With double-sideband working and/or 
less efficient valves, up to six stages may be necessary. In 
either case the use of frequency conversion to a lower frequency 
enables the total number of amplifying stages to be reduced, 
but at the cost of the additional converter, although the latter 
may be made common to both video- and audio-signal chains. 
With this general outline of the complete vision signal receiving 
chain in mind it will be possible to continue the detailed stage- 
by-stage description working backward, as hitherto, from the 
picture tube to the aerial. 

6.4. The Video-frequency Amplifier. The advantage of oper¬ 
ating the demodulator at a high signal amplitude limits the 
amount of gain required of the video amplifier to from five 
to ten times, but higher gains may be required if it is desired 
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to operate certain types of spotter circuit or to provide an 
adequate signal for holding synchronism down to very low 
levels of received signal strength. 

The principal features of the video amplifier are the circuit 
refinements introduced to maintain the frequency res})onse up 



(i) Skeleton Circuit of Resistance Loaded Amplifier 



Ri>R2="R3 Frequency (c/s) 

(ii) Gain-frequency Characteristic of (i) 
for Three Values of R 

Fig. ().4a. Gain-freqgency Charagteristics for a Resistance- 
LOADED Amplifier 

to the absolute minimum of 2*5 Mc/s. Of the well-known 
methods of amplifier loading and coupling available, all the 
tuned varieties are out of the question in view of the wide 
frequency band required; only the simple resistive load 
provides a useful basis and even this requires modification and 
careful application. 

The Basic Resistance-loaded Amplifier. Recalling the 
basic circuit (reproduced at (i) in Fig. 6.4a) it will be remem¬ 
bered that stray capacitance due to the output capacitance of 
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the valve, the input capacitance of the following circuit, and 
self capacitances of the anode load components added together 
are sufficient to effectively by-pass the load resistor when the 
signal frequency rises to a high value. The resultant falling 
off in high-frequency response, as illustrated by (ii), is a serious 
problem even in the better-class audio-frequency amplifier, 
and therefore becomes acute in television circuits where the 
maximum modulation frequency requiring amphfi cation is at 
2-5 Mc/s 

least (say) -—— — 200 times as great. The only effective 

^ 12-5 kc/s ^ 

way of approaching this considerably extended frequency 
response is, having taken the obvious course of minimizing 
stray capacitance, to reduce the load resistor to a value far 
less than would be employed in an A.F. circuit. Without the 
use of a valve especially designed to meet this problem and 
without one or more of the methods of load compensation to 
be described later, the load resistor would have to be as low 
as 1 kQ to 2 kf2 and the stage gain would be but a few times. 
As a result of using such a small load the signal frequency will 
have to rise to a much higher value than before to reduce the 
effective load impedance to any given proportion of its nominal 
or low-frequency value (i.e. the actual load resistor value). 
The improvement obtained by progressive reduction of R is 
shown for three cases at (ii) in the figure. The cost of the 
improvement is, of course, a drop in the reference level repre¬ 
senting the ideal (flat) frequency response, i.e. a loss of stage 
gain, since the latter is given to a first approximation for a 
high-impedance value by A = gR, where g — mutual conduct¬ 
ance of the value, so that A is directly proportional to i?. 

Special V.F. amplifying valves (e.g. Mazda 6F13 and U.S.A. 
6K6) having a high ratio of mutual conductance to output 
capacitance, together with a large permissible anode current 
swing, have been developed to make it possible to achieve 
satisfactory gains (10 to 20 times) even when R is reduced to 
the very low value required (see Appendix I (§ A1.7)). 

H.F. Compensation. Even better performance can easily 
be obtained by one of many possible methods of using one or 
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more conij)eiisatiiig inductors. Very roughly, the basic idea 
unde^rlying these correcting circuits is that of eliminating the 
effect of the stray capacitance by adding neutralizing induc¬ 
tance, i.e. by ‘'tuning” it out at a frequency in the region of 
the highest needing amplification. When the amplifier load 
consists of C and R in parallel the gain falls progressively from 
its value at zero frequency to \/ly — 0-707 of this value at a 
frequency given by \I(2ttCR), As this drop correvSponds to 

5 db, which is conventionally taken as the measure of 
bandwidth, this “cut-off” frequency is also the numerical 
value of the load bandwidth. If now an inductor L is placed 
in parallel with the load CR the frequency giving maximum 
gain shifts from zero to the resonant frequency of the load, 
which is given by \ j{'lTf\/{LC) ), and the time constant CR 
now determines the two frequencies, one above, the other 
below the resonant frequency, at which the response drops 
to the fraction l/\/^ gain at the resonant frequency. 

At the latter frequency the effects of L and C cancel and the 
load effectively reduces to R alone ; the gain at resonance is 
therefore ])roportional to R and as the latter is raised the rise 
in maximum gain is accompanied by a reduction in bandwidth, 
since the latter is inversely proportional to the time constant 
CR. The gain/frequency curves for three widely different cases, 
which should be compared with the gain/frequency curves for 
a resistance-loaded amplifier, given in Fig. 6.4a, where similar 
R values are used, are shown in Fig. 6.4b. 

It will be possible now to understand clearly the method of 
forming a useful compensated load, for while neither of the 
two types of load just discussed is suitable alone for the 
present purpose, they may be combined to produce a much 
better approximation to the required result. It is only necessary 
to add a small compensating inductor in series with the load 
resistor of Fig. 6.4a. The load remains effectively resistive 
only at very low frequencies, since the reactance of the parallel 
stray capacitance is very high and that of the series compen¬ 
sating inductor very low. As frequency is raised, however, the 
two reactances become more nearly equal until the resonant 


^~(T.575) 
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condition is reached at the niaximinn frequency it is desired 
to amplify, at which frequency the load impedance is the same 
as*at zero frequency, i.e. R. While the value of the LC product 
alone fixes the resonant frequency it is the CR product which 
decides the shape of the response curve, particularly in the 
regions approaching and beyond the resonant frequency. The 
stray capacitance C being common to both products is the 



Fig. 6.4b. Fokm of Chabactekistic Gain-frequency Curve for a 
Tuned-ANODE ('!iR(.mrT (C, L and R in Parallel) Amplifier for 
Three Vai.ues of R 

controlling factor and must be reduced to an absolute minimum 
to allow maximum freedom of design (see Fig. 6.4c).* 

Coupling Networks. The method of compensation just 
described can be extended by the addition of further reactive 
elements to form additional resonant circuits and is a particular 
case of a method (cf. ‘'staggered tuning,” § 6.7) of achieving 
large bandwidth which is also applied to R.F. amplifiers, as 
will be shown in a later section (§ 6.7). In the above case the 
simple resistance load, together with the associated stray 
capacitance, may be regarded as a special case of the tuned 
(iJ, L and C in parallel) compensating load, i.e. it can be regarded 
as a resonant circuit tuned to zero frequency. The complete 
compensated load therefore consists effectively of two tuned 
♦ See Appendix I (§ A 1.6). 
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circuits whose resonant frequencies are separated by approxi¬ 
mately the desired bandwidth and which are damped 
sufficiently to keep the intermediate response within, say, 
3 db of that occurring at the resonances.* Theoretically the 
method could be extended indefinitely by further subdividing 
the basic load and further addition of cornpensating inductors 
having inductance values so chosen that the additional fre- 



(i) Basic Compensated (ii) Characteristic Curves of (i) 

Circuit for diFTerent Values of L 

Fto. ().4(.\ The lNDUCTAN(:K-coMrK]s\sATED Amplifier 

quencies of ‘'anti-resonance’’ (i.e. parallel resonance) are 
suitably spaced over the desired frequency band. By a well- 
known circuit theorem the resultant chain of series-connected 
parallel-tuned (rejector) circuits can, with appropriate change 
of component values, be replaced by a chain of parallel- 
connected series-tuned (acceptor) circuits. 

In the load forms so far discussed the entire arrangement 
has in all cases been of the two-terminal type (with one terminal 
connected to the anode of the amplifier and the other to H.T.) 
and both the output impedance of the amplifier valve and the 
input impedance of the following stage have been effectively 
directly in parallel with the load. It has been shown that the 
total value of this lumped stray capacitance has decided 
directly or indirectly not only the amount of gain obtainable 
for a given bandwidth but also the shape of the response curve 
and particularly the final rapidity of cut-off*. Accordingly, load 

* A pronounced dip, as between the peaks of the response of a bandpass 
transformer, may occur if the values are incorrectly chosen. 
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and coupling circuits have been devised in which the two valve 
capacitances forming the greater part of the total stray capa¬ 
citance are effectively separated by the insertion of an induc¬ 
tance between the amplifier anode and the following grid, as 
shown in Fig. 6.4 d. This is the simplest example of a class of 
“four-terminar’ networks which have been developed on the 
basis of general network theory which is beyond the scope of 
the present treatment; in any case, owing to economic limita¬ 
tions loads and associated couplings are very rarely more 


L 



An additional L H(!parut<'S tiic stray capacitance into two ]>ortion8, C' and C^". 

advanced than those described in the foregoing and the arrange¬ 
ment shown in Fig. 6.4c is used almost exclusively in television 
receivers. 

Phase and Transient Response. It will be clear from 
Chapter II that distortionless amplification of a wave requires 
not only a horizontal gain versus frequency characteristic but 
also a phase shift versus frequency characteristic which rises 
Hnearly with frequency so that all component frequencies of 
the wave suffer the same time delay in traversing the amplifier 
and consequently remain in the same relative positions with 
respect to the time axis. In the building up of the ideal amplifier 
load from the point of view of the gain versus frequency curve 
no consideration was given to the question of phase shift. 
The more advanced treatments of circuit theory show that there 
is an intimate relationship between frequency and phase dis¬ 
tortion, and, in certain cases, precautions taken to maintain 
constancy of the frequency characteristic are also beneficial 
to the phase response. The most important practical point in 
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the present case is that the drop in response immediately 
beyond the resonant frecpiency of the correcting circuit must 
not be rapid, otherwise a rapid change occurs in the pliase 
characteristic also. The characteristics of the simple corrected 
load of Fig. 6.4c show that wLi'R (taken at resonance) should 
be about 0-75 for the most level gain characteristic and ()*6 for 
the o})timujn phase response.* 

A more direct insight into the effect of tlie amplifier on the 
shape of the signal being handled can be obtained by considering 



Transient Oscillation due 
to Ouer compensation 


Ideal 
Output- 


Poor Hi^h-frequency 
Response 

Vui . 0.4k. V.F. AMi‘LiFr^:R Oi'Tpct for Stkf N’cltack 


its response to a step-shaped in])ut voltage change. The load 
resistor may be regarded as a damping element in the tuned 
circuit formed by the (compensating inductor and the total 
stray ca]jacitance. If load resistance is relatively small, this 
resonant circuit may be set into oscillation by the sharp change 
of input and the I’esultant ‘‘ringing’’ will be most noticeable on 
the picture, particularly at a ])oint where a vertical transition 
from black to white occurs. This effect has been used to obtain a 
sharpening of the edges of objects in the picture and thereby 
provide an artificial method of improving apparent definition, 
but in good design the circuit should be operated well within 
the limit at which ringing commences. The response of a video 
amplifier to a step input is shown for two extreme conditions 
in Fig. 6.4e. Better-class receivers are given such a check 
during the test procedure; the test waveform is supplied by 
a multivibrator and the response displayed on a cathode-ray 
oscilloscope. 

Practical V.F. Circuit Features. The V.F. amplifier is 
invariably coupled directly to the detector, otherwise the loss 
of the direct component of the output would double the total 

* F. E. Terman, Radio Engineers^ Haitdhook^ p. 147. 
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voltage range occupied by the signal. It is essential to include 
some method of filtering off the R.F. component of the detector 
output and very often small R.F. chokes are inserted in both 
grid and/or anode leads of the V.F. amplifier to make use of 
the filtering effect of the grid-cathode and/or anode-cathode 
interelectrode capacitances respectively. 

The correct operating conditions of the V.F. valve are 
shown in Fig. 6.4f. There are two possibilities, depending on 



Fio. 6.4 f. Alternative Operating Conditions for the 
Video Amplifier 


the polarity of the picture signal received from the detector 
and on the choice of grid or cathode as the modulating electrode 
in the picture tube. Both methods of working are employed 
in British receivers but in U.S. circuits grid drive of the cathode- 
ray tube is usually preferred. The deciding factor is very often 
the polarity preferred by the synchronizing separator. With 
negative-going picture modulation at the video-amplifier grid 
only a small cathode bias resistor is used and negligible negative 
feedback occurs. With positive-going picture signal the valve 
must be biased back to the bottom bend of its characteristic 
and the resultant feedback may be sufficient to justify the use 
of a smoothing capacitor across the bias resistor. The resultant 
drop in gain at low frequencies can be compensated by correct 
choice of the decoupling CR network in the anode circuit, since 
this circuit provides increasing gain as frequency falls. If a 
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CR coupling to the C.R.T. grid is used the resultant attenuation 
of low frequencies may be compensated in a similar manner, 
or the coupling circuit itself may be comj)ensated (see Fig. 


Cl 



Fici. ().4a. Low-fkequency Comi’ENsation of the Video Amflifieii 


6.4g). Direct coupling to the cathode-ray tube avoids the use 
of a d.c. restorer but the cathode should be driven rather than 
the grid so that in the event of failure of the video-amplifier 
anode current the cathode- 
ray tube is given a large 
negative rather than posi¬ 
tive bias (Fig. 3.3b). The 
screen grid is given a high 
positive potential and is 
often separately decoupled. 

Unless a separate ampli¬ 
fier is permissible the detec¬ 
tor output is insufficient to 
operate the synchronizing 
separator and the latter 
must be fed by the V.F. 
stage. Direct loading of 
the anode circuit can be 
avoided by feeding one or more of the various loads (C.R.T. 
synchronizing circuits, and spotter) through a cathode follower. 
Alternatively the synchronizing circuits may be fed from the 
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Fjq. 6.4h. Cathode-coupled, Double- 
TRiODE V.F. Output Stage 
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cathode of the V.F. amplifier and the input circuit operated 
“bootstrap” fashion to provide sufficient output from the 
cathode (Fig.-8.5c). A very satisfactory output system is pro¬ 
vided by the use of two cathode-coupled valves (possibly two 
triodes in a common envelope); the skeleton circuit is shown 
in Fig. 6.4u. The anti-phase relationship between the two 
anode currents cancels negative feedback from the common 


+ HI 



Fig. 6.5a. Typical Anti-ignition Interfkrknce (‘‘Spotter”) Circuit 
{Courtesy of Sobell Industries, Ltd.) 

cathode load. One anode feeds the signal electrode of the 
cathode-ray tube and the other supplies the synchronizing 
circuits. 

6.5. Anti-ignition Interference (‘‘ Spotter ”) Circuits. Very 
objectionable interference with television reception is caused 
by the ignition system of motor vehicles; it appears as nearly 
horizontal streams of randomly distributed spots (white in the 
British case). Its effect can be reduced to some extent by 
adding a diode limiter of the type used for synchronizing 
separation (Chapter V), set to clip off all spurious signals 
occupying the voltage range beyond the level corresponding 
to 100 per cent modulation of the television signal. A more 
effective method uses the diode as a gate to pass on such excess 
voltage to the tube in such a manner that it operates against 
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the normal modulation, i.e. it demodulates the beam. Thus, 
if the picture signal is fed to the C.R.T. grid the excess voltage 
passed by the diode would be applied to the cathode. A 
typical circuit is shown at Fig. 6.5a. The additional diode is 
biased at its cathode by a potential derived from a potentio 
meter connected across the H.T. supply so that the signal 
applied to its anode must rise above j)eak white (i.e. 100 per 
cent modulation) before the diode conducts. 

6.6. The Detector Circuit. Any of the normal detector 
circuits employed in broadcast receivc^rs may be adapted for 
demodulation of the signal in a video receiver, although, as in 
the broadcast case a diode circuit is almost invariably em])loyed. 
The important points to be considered in the choice of the 
circuit arise, by comparison with the ordinary receiver, from— 

{a) the higher carrier frequency, which calls for care in 
minimizing stray reactances, particularly the parallel capa¬ 
citance (e.g. anode to cathode in the diode) of the rectifier 
element; 

{b) the wider band occupied by the modulation, which 
requires far greater care in the choice of the load circuit and 
its component values; 

(c) the lower carrier to maximum modulation frequency, 
particularly when a superhet circuit is employed, which 
makes filtering of the radio or intermediate-frequency com¬ 
ponent of the detector output more difficult; 

{d) the need for passing on the d.c. component of the 
demodulated signal. 

The significance of these points will be understood from a 
consideration of the basic circuit of a single-diode circuit, as 
shown in Fig. 6.6.A. The modulated radio- (or intermediate-) 
frequency voltage fed into the detector circuit over the trans¬ 
former from the final amplifier appears across the tuned 
secondary and is applied to the diode valve, F, and its 

cathode load R^C^. During the first few cycles the current 
pulses drawn through the diode by the positive-going half¬ 
cycles charge to a potential difference nearly equal to the 
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peak value of the input voltage so that only the peaks of these 
half-cycles subsequently draw anode current. While is large 
enough to prevent from discharging appreciably between 
successive charging current pulses, it is not too large to prevent 
the mean rectified voltage from following the envelope of the 
modulated input voltage. It will be clear that the mean output 
voltage for a given R.F. input amplitude will approach the 
latter value more closely as the ratio of diode resistance to load 
resistance decreases. But the far greater value of the highest 
modulation frequency contained in the television signal corn- 
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Fig. 6,6a. Typical Dt^tectok Circuit 
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Tuned Input 
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pared with that of a sound broadcast signal requires Rj^ to be 
correspondingly lower in order that the time constant 
shall not be too large to allow the output voltage to follow the 
R.F. signal envelope. The possibility of reducing this time 
constant by decreasing is subject to the lower limit set by 
stray capacitances. The necessity of a comparatively low load 
resistor (of the order 2 kQ to 5 kQ) requires a very low im¬ 
pedance diode and although specially designed diodes have 
been produced for the present application the efficiency of 
detection is not high. The extent to which the diode impedance 
may be reduced depends largely on the permissible limit of the 
consequent increase of anode-cathode capacitance; this has 
the bad effect of passing the output R.F. voltage over the 
valve and forms a potentiometer together with the diode load. 
In a typical U.H.F. diode (Fig. 6.6 b) the anode-cathode capa¬ 
citance is 2 pF. A point worthy of mention is the possibility 
of improving the high modulation frequency response of the 
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diode load by the technique adopted in the V.F. stage, although 
this rarely goes beyond the addition of a compensating inductor 
in series with the load resistor. With the arrangement shown 
in Fig. 6.6a a signal having positive modulation will provide 
an output going positive with white and correspondingly 
for negative modulation. If the opposite polarity is desired 
it is only necessary to reverse the diode; this transfers the 
heater-cathode capacitance from the diode load to the tuned 
circuit. 

The problem of filtering off the R.F. component of the 



Fi(i. 6.On. A TvncAL Television Detectoh Diode ; 
THE Mazda ODl 

Courtesy of Edison Swan Electric Co., Ltd,) 


detector output is considerably increased if the signal frequency 
is converted, as in the superheterodyne method of reception, 
to a lower value. The ratio of intermediate frequency to 
maximum modulation frequency may in the British case, 
where an I.F. of less than lOMc/s is often employed (the 
standard American I.F. is 25*75 Mc/s), may be as little 
as 3 : 1. For this reason the push-pull form of detector may 
be employed. It will be noted at (i) in Fig. 6.6c that the load 
CR is connected to the earthy centre-tap of the feed trans¬ 
former secondary which eliminates the leakage effect mentioned 
in the case of the single-diode circuit. Moreover, the funda¬ 
mental fre(][uency of the pulsating current passing into the 
common CR load is doubled by the push-pull method of 
operation, since although both diodes conduct only on the 
positive half-cycles of their respective inputs each conducts 
once per whole cycle of input. 

In view of the advantage, already noted, of operating the 
detector at a high signal level, it is sometimes possible, particu¬ 
larly when a tube requiring a comparatively small modulating 
voltage is used, to develop sufficient voltage for direct drive of 
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the cathode-ray tube by the use of a detector of the voltage- 
doubler type. Ou the positive-going half-cycles of input at the 
top of the input transformer secondary (see (ii) of Fig. ().6c) the 
left-hand diode conducts and charges C\ while on the alternate 
half-cycles the right-hand diode passes current into ; by 
arranging and C 2 in series between the output terminals, 




^ Output to 
V.F. Amplifier 


(i)The Push-pull Detector 
requires less Filtering 
at its Output 


Modulated 



twice the output obtainable from one diode circuit alone may be 
obtained. It is convenient to use one output to modulate the 
cathode-ray tube at its grid and the other to feed the cathode. 

It is possible to combine detection with subsequent video¬ 
frequency amplification by using, for example, the anode-bend 
type of detector, but such circuits are rarely employed. 

6.7. Wide-band Predetector Amplification. Whether all or 
only a portion of the total required amplification required in 
the stages preceding the detector is carried out at the actual 
carrier frequency of the received signal, the same general 
principles in regard to achieving the necessary bandwidth 
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apply. The major practical difference between the television 
receiver and its broadcast counterpart is the greater- number 
of predetector amplifying stages required, for whereas the 
latter type of receiver very rarely rerpiires more than one l.F. 
stage in the superhet case, or possibly two stages in an equiva¬ 
lent straight circuit, the former needs at least three amplifiers 
in the superhet arrangement and four or more in the tuned 
radio-frequency case. 

The amount of gain obtainable from a tuned amplifier is 
roughly inversely jn-oj^ortional to the de^sired bandwidth, i.e. 
the product of gain and bandwidth is approximately a constant. 
The value of this product depends on the amount of caj^acitance 
associated with the load and it increases as this ca]:)acitance is 
reduced. The effect of the latter is to limit the extent to which 
the load impedance may be increased, for a given bandwidth, 
and to restrict correspondingly the maximum available stage 
gain. The first practical point that arises from these general 
circuit properties is that every effort must be made in the 
choice and arrangement of the am})lifier circuit to minimize 
the various factors contributing to the total load capacitance. 
The greater part of this capacitance is made up of the output 
capacitance of the valve which drives the load and the input 
capacitance of the following valve, so that, as in the video¬ 
amplifier stage, the most suitable valve is one having a high 
mutual conductance and low interelectrode capacitances. 
During and since the war a number of miniature valves (e.g. 
Mazda 6F13, American 6AC7), having very satisfiictory charac¬ 
teristics for television signal amplification have been developed. 
One important difficulty arising in the case of predetector 
amplification is the need for tuning each circuit, which in most 
methods of controlling the resonant frequency inevitably 
augments the total load capacitance. 

In the simplest practical stage, which is very frequently 
employed in practice, the resonant portion of the load takes 
the form of a small coil whose effective inductance is controlled 
by a core of ferromagnetic material which screws into the 
threaded hollow interior of the coil former; the tuned circuit 
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is completed by the self-capacitance of the inductor together 
with the total parallel capacitance of the associated circuit; 
no additional capacitor is employed. The inductor is usually 
connected directly into the anode circuit of the amplifier and 
the signal voltage developed across it is passed on to the next 
stage by a CR coupling (see Fig. 6.7a). In the case of the stage 
feeding the detector, however, it is preferable to transpose in¬ 
ductor and coupling resistor, at the expense of amplifier anode 
voltage, in order to minimize the resistance inserted into the 


Damping R 



Fig. 6.7a. The Tuned-anode: Sh^nad Ampdieiek 

circuit loop containing the low resistance diode and its load, 
as in Fig. 8.7a. Here the purpose of the load resistor is not 
merely to complete the direct-current path to the valve elec¬ 
trode to which it is connected without short-circuiting the 
inductor, but to provide the damping required to flatten 
adequately the response of the load. 

Staggered Tuning. The extent to which damping must 
be apphed has led to the adoption of a technique not found 
in broadcast receivers. If all the amplifier loads were “peaked ” 
to the central frequency of the band occupied by the signal 
each would need very heavy damping to cover the entire band. 
While this method has been employed it is now almost universal 
practice to spread the resonant frequencies of the amplifier 
couplings over the desired band and to reduce the damping so 
that while each load responds effectively to only a portion of 
the band the considerable increase in amplification per stage 
results in a comparable overall gain. Expressed, alternatively, 
while one or two of the loads are tuned to the carrier (or 
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intermediate) frequency the resonant frequencies of the latter 
are ‘‘staggered” symmetrically about this frequency. It is 
convenient to use five tuned circuits and to arrange their 
resonant frequencies and degrees of damping as indicated in 
Fig. 0.7b. The use of staggered tuning has several advantages 
over single-frequency tuning. Each stage can be tuned inde¬ 
pendently of the remainder, there is less possibility of in¬ 
stability due to feedback, since the input and output circuits 
of each stage arc tuned to different frequencies, less shielding 



Fk;. 6.7b. Use of Five Damped and Staggered Tuned Circuits 
TO ACHIEVE Wide-band Response 

between stages is needed, and a single inductor is cheaper and 
smaller than a screened two-winding transformer. 

Bandpass Couplings. Returning to the case of the single 
stage the performance of the coupling circuit may be improved 
by inserting a reactance between the amplifier anode and the 
following grid in order to split up the total capacitance. Both 
anode and grid circuits may then be tuned separately and the 
resultant coupling behaves in the same way as the bandpass 
transformer of a broadcast receiver I.F. stage. As the coupling 
between anode and grid circuits is increased the initial single- 
peaked response broadens; beyond the optimum degree of 
coupling the broadening peak begins to develop a double 
hump and as the frequencies of the two humps separate with 
increase of coupling the trough in the response curve between 
them deepens. While this double-humping provokes comparison 
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with staggered tuning it is not used and bandpass couplings 
when employed are nearly always optimally coupled. 

In, the typical bandpass coupling of Fig. 6.7c a variable 
(adjustable dust-core) inductor is placed in each of the anode 



P'rO. 6.7c. MAGNETlCALLY-COirpLEB PaTR OF “ SeLF-RKSON^AN^T ” 
Permeability-tuned Indi^ctors, formino a Bandpass Couphno 

and grid circuits and loose coupling to the grid inductor is 
provided by a small winding connected in series with the 
anode inductor. The damping resistor on the latter will be noted. 
Each inductor tunes with its self-capacitance and that of the 
associated valve. In American practice the three inductors are 
often arranged in the form of a T between anode and grid and 



sometimes the T is bridged by an additional variable capa¬ 
citor ; in these cases coupling is due to the common inductor 
(and also to the bridge capacitor in the second example) 
rather than by magnetic coupling (see Fig. 6.7 d). It is impor¬ 
tant to remember in all methods of coupling, of which the 
three shown are representative but by no means exhaustive, 
that the self-capacitances of the inductors and the input and 
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output capacitances of the associated valves all contribute 
materially to the overall response of the cou])ling. Thus the 
number of elements in the network may be five or more and 
design or analysis of the complete coupling is best done by 
classical wave filter theory, which is beyond the scope of the 
present book.<^» 

Single-sideband Reception. All U.S. receivers are of the 
single-sideband ty})e, but receivers for the London area may 
be designed to accept either one or both sidebands, as preferred 
by the designer. In broadcasting by the usual (A.M.) method 
both sidebands are invariably transmitted and since the 
major design probl(‘m is the reduction rather than extension 
of the overall bandwidth double-sideband reception is always 
preferred. No advantage is gained at the receiving end by 
aiming at a bandwidth sufficient to accommodate only one 
sideband, in fact there are three important disadvantages. 
Not only is the signal strength halved when only one sideband 
is accepted but tuning is much more critical and a higher order 
of stability is rccpiired. In the television case, however, the 
choice of single-sideband reception eases considerably the 
achievement of the required bandwidth, and the halving of 
the effective signal strength is more than made up for by the 
fact that the gain of each stage may be doubled; the overall 
gain is therefore increased by the factor where n is the 
number of stages. The tuning difficulty is not serious when, 
as is the present case in this country, only one station is 
available. Even so, the single-sideband amplifier must be 
thoroughly stable and carefully tuned. An important point 
is that at the carrier frequency the response should be 6 db 
down to obtain a level frequency response. If the earner is 
placed higher up the sloping side of the response curve the 
high frequency portion of the accepted band will predominate 
over the lower frequencies, and vice versa. Single-sideband 
reception is more satisfactory with superhet circuits, but is 
often employed in straight receivers although its adoption has 
been made less advantageous in the latter case by the improved 
R.F. performance of modern miniature U.H.F. pentodes. 
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Choice between the upper and lower sidebands depends chiefly 
on whether it is needed to have common picture and sound 
signal amplifiers in the early stages of the receiver; if so, the 
lower band 45 Mc/s down to, say, 42 Mc/s is preferred, because 
it is sufficiently near to the sound channel (41-5 Mc/s) to allow 
a common amplifier. Otherwise, selection of the upper side¬ 
band has the considerable advantage of reducing the difficulty 
of eliminating the sound signal from the picture channel. 

Choice of Valve and Mode of Operation. Thus far the 
amplifying system has been considered only in terms of the 
major problem, that of obtaining the desired bandwidth, and 
it has been assumed that, as is usual, amplifiers of conventional 
type having grid input and anode output and using valves of 
the pentode type are used. It is quite possible to use triode 
amplifiers, however, if arrangements are made to neutralize 
feedback over the internal anode-grid capacitance of the valve, 
and this can be done quite simply by grounding the control 
grid provided the valve is arranged to have a short multiple 
connection from the actual grid structure to the grid in the 
base; valves of this type are now available and have been used 
in all stages of the receiver. Triode circuits are very suitable 
for R.F. amplification in superhets or for the early stages of 
tuned R.F. circuits where the noise factor is important, as will 
be explained in a later section. 

It is very important in the amplifier stages to achieve the 
highest degree of stability. The feed circuits to the various 
electrodes must be thoroughly decoupled and the earth con¬ 
nections of each stage must be returned to a common chassis 
connection. The chassis material must have very low resis¬ 
tance; a hot-tinned steel chassis is suitable. A small (10-30 fi) 
resistor is often included in the cathode circuit to swamp the 
inductive reactance of the cathode lead of the valve and thereby 
improve the phase angle and increase the magnitude of the 
input impedance of the valve. These points are illustrated by 
the practical circuit of Fig. 6.7 e.^^^^ 

Manual Gain Control. The “contrast’’ (gain) control of 
the amplifier needs careful consideration for two reasons. 
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Firstly it is normally necessary to control more than one stage 
by a single control, so that undesirable interstage signal coup¬ 
ling may arise, and secondly variation of the feed potentials 
of a valve causes slight changes of input impedance, and 
particularly of its cai)acitative reactive component, which may 
result in an appreciable effect on the bandwidth and response 
shape of the amplifier. Minimization of these two difficulties 
is hindered by the unsuitability of the variable-mu type of 
valve in view of its low mutual 
conductance by comparison with 
that of the short grid-base sharp 
cut-off type, which makes the 
choice of the latter type almost 
automatic. The sim})lest and 
most effective method of gain 
control is by varying the control- 
grid bias. As the latter is made 
more negative, the slope of the 
valve falls, but at the same time 
the quiescent current and grid- 
cathode capacitance fall while the input impedance rises. 
The change of quiescent current added over two or more 
high-slope valves may cause a serious change of loading on 
the receiver power supply and thereby affect the perform¬ 
ance of other circuits. Variation of screen potential suffers 
less from the latter defect, but in view of the fact that 
variation of the suppressor-grid negative bias reacts oppositely 
on the valve input impedance to the effect of control-grid bias 
change, it is convenient to control both electrodes from a 
common control and this is probably the commonest arrange¬ 
ment in use. The suppressor needs a much greater bias varia¬ 
tion than the control grid. A suitable circuit for providing 
these control potentials is given at (i) in Fig. 

Automatic Gain Control (A.G.C). In American receivers, 
automatic control of gain (A.G.C.) to provide a practically 
constant output over a wide range of variation of input signal 
strength is often incorporated. In addition to the benefit of 



Fia. 6.7 k. Use of Common 
I^]ARTJ iii'f(3 Point for all 
Chassis Returns 
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constant amplitude input to the synchronizing circuits there 
is the advantage of not having to reset the contrast control 
when changing to another transmission. Tlie method adopted 
is the same in princi])le as A.V.Cl in sound receivers—the 
output of the last I.F. amplifier (R.F. in a T.R.F. circuit) is 
rectified and is applied as a negative-going voltage to one or 
more of the signal-amplifier control grids so that as the signal 
input rises the bias on the controlled amplifiers runs more 
negative and limits the consequent increase in signal output. 
The fact that the American signal is brought to the constant 
(100 per cent) level to form a synchronizing pulse at the end 
of every line makes it more adaptable to A.G.(^. than the 
British signal. It is only necessary to pass the signal through 
a peak rectifier as shown in the example of Kig. 6.7f. In this 
circuit the synchronizing pulses produce a jiositiv^e-going 
output to the control-voltage amplifier and as the signal rises 
the amplifier passes more current and reduces the anode 
potential. The control valve has a negative potential on its 
anode (and the cathode is, of course, made even more negative) 
so that it may be connected through a d.c. path to the grid 
circuits of the controlled am])litiers. The feed system must 
contain adequate buffering in the form of long time constant 
CR filters between the controlled circuits. The manual contrast 
control is arranged to vary the standing current of the control 
valve. 

Signal Frequency Amplification. Up to this point no 
distinction has been made between amplification at carrier 
and at intermediate frequency. In both cases all of the methods 
of obtaining the required bandwidth and of controlling gain 
are applicable. The chief difference arising from the difference 
of frequency is in the degree of circuit stability and the extra 
care needed to achieve stability at the carrier frequency involves 
more careful choice of valve and components and of arrange¬ 
ment of wiring rather than change of circuits or methods. 

It will be useful to consider rather closely the action of a 
valve stage at ultra-high frequency. Starting from a low 
frequency, the valve behaves between anode and cathode as 
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a resistor whose value is readily controllable and without 
absorption of power by the control grid; thus it is possible 
to consider the valve input and output circuits separately 



(i) Gam Control by Simultaneous Variation of 
Control-and Suppressor-^nd Potentials 


+ 135V 



unless appreciable feedback is purposely introduced, e.g. by 
inserting a resistor in the cathode lead of the valve. At the 
higher audio frequencies, however, the reactances of the small 
interelectrode capacitances are sufficiently low to require to 
be taken into account—in particular the grid to anode capa¬ 
citance brings into play the well-known Miller effect. Further 
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Screen 

Grid 



Cathode 

6.7a. Equivalent Network of Triodk 
Valve operatino at U.H.F. 


complication of 
valve action does 
not arise until the 
signal frequency 
exceeds 5-10 Mc/s 
(depending on the 
particular valve), 
when two addi¬ 
tional factors be¬ 
come important; 
firstly the induc¬ 
tances of the leads 
between the valve 
electrodes and the 


connecting pins on the base become im])ortant in relation 
to the external circuit components, and secondly a phase lag 
arises between the applied signal and the resultant change of 
space current due to the finite time of transit of an electron 
across the valve (see Fig. 6.7 g). The in¬ 


ternal inductances cause instability or re¬ 
duction of gain while transit time reduces 



valve input impedance and also reduces 
amplification. Except for the occasional 
insertion of a small cathode resistor, as 
already noted, these effects have not led to 
marked changes of theoretical circuits since 



they have been minimized by improved 
valve design. On the other hand, they do 
emphasize the need for miniature compo¬ 
nents and of mountings either on or very 
close to the actual valve base. A typical 
miniature signal amplifier valve is shown 



in Fig. 6.7 h.<i3, 14, 16 , 21 , 22 ) 

6.8. Rejection of the Sound Signal. The 


frequency band occupied by the sound New Miniature 
, 1 U.H.F. Signal 

Signal IS so close to that allotted to the Amplifier Pentodes 


picture signal in both British and American 
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transmissions that special precautions must be taken to reduce 
to a negligible level the transmission of the sound signal 
through the vision receiver. 

The most satisfactory method of easing this problem is to 
adopt the superheterodyne method of reception, for as in 
broadcast reception this method automatically improves adja¬ 
cent channel selectivity when the fixed frequency band to 
which all signals are converted is actually intermediate between 
the signal band and the frequency range occupied by the 
demodulated signal. It will be remembered that this improve¬ 
ment arises from the fact that while the absolute frequency 
difference between the desired and undesired signals remains 
the same after the frequency change, this difference becomes 
larger in proportion to the new carrier frequencies. The 
advantage of single-sideband reception in the British case has 
already been mentioned; use of the upper sideband of 45 to 
48 Mc/s places the sound signal 3*5 Mc/s away from the lowest 
frequency of this upper band. In British receivers this advan¬ 
tage may be used together with superhet reception in which 
case sound rejection is made much easier. 

When the problem is serious, as in the case of double¬ 
sideband reception in a straight receiver, special rejector 
circuit methods must be adopted. In general the problem is 
to introduce a deep and nan*ow trough at the correct point in 
the overall response curve without otherwise modifying the 
latter. One or other of the various circuital methods available 
is usually to be found in commercial receiver circuits, even 
when, as in the U.S. case, superhet reception is employed. 

Two obvious methods are to place a series (acceptor) tuned 
circuit in shunt with the signal path or to insert a parallel 
(rejector) type tuned circuit in series with the signal path so 
that the sound channel is filtered relatively to the vision signal. 
If the additional circuit elements required are inserted directly 
into the amplifier couplings the optimum values for maximum 
rejection are usually inconvenient or unsatisfactory in relation 
to the existing coupling network but more appropriate values 
can be obtained by transformation arising from inductive 
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rather than direct coupling of the filter. The two arrangements 
so derived are shown in Fig. O.Sa ; sometimes they are employed 
in practical circuits. When additional elements are added in 
this manner the complete coupling network must be regarded 



Fkj. ().8a. Two Metiiods of Kejectino thfo Soond Skoxal 
FROM THE Vision Channei. 


not as a combination of relatively independent sub-groups of 
components but as a whole network, and analysis and design 
can be done with accuracy and convenience only in terms of 
four-terminal transmission-network theory. Using the latter 
L C 



Fig. 6,8b. BiuixiED-T R?:sistance-tijned Sound Rejectoks 



as a design basis it is possible to obtain the desired frequency 
response in each coupling by a configuration which may not 
be readily separable into vision-signal coupling and sound- 
signal rejection sections. 

A typical four-terminal network suitable for sound-signal 
rejection is shown in its two equivalent forms at (i), (ii), in 
Fig. 6.8b, as used in the current Ekco and Philco receivers 
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respectively. The action of this type of circuit is similar to 
that of £i bridge and the adjustment of R for zero output 
balances the equivalent bridge network. The frequency at which 
zero output occurs is approximately the resonant frequency of 
the jiarallel-tuned circuit {LC) and balance obtains when R is 

/ (dL 

made approximately \toLQ ( where Q ^ and (o 277 / 

\ R 

A very good method makes use of negative feedback (Fig. 
6.8c). A parallel LC circuit tuned to the sound frequency is 
inserted into the cathode lead of the 
signal amplifier. At the sound-signal 
frequency the impedance of the 
tuned circuit is largest and purely 
resistive so that heavy feedback 
occurs. Away from this critical fre¬ 
quency the feedback falls because the 
magnitude of the circuit impedance 
falls and its phase angle shifts and 
moves the feedback phase away from Cathode-feed- 

. . . BACK KeJECTOK 

exact opposition to the input. The 

cathode lead is usually tapped into the rejector inductor in order 
to reduce the load placed on the rejector by the valve 
circuit.^^^’ 

6.9. Frequency Changers for Superheterodyne Reception. 

When it is decided to carry out the bulk of the amplification 
at an intermediate frequency a frequency changer must be 
incorporated at an early point in the signal chain. 

CiioTCE OF Intermediate Frequencey. "Jlie choice of the 
intermediate frequency (/,) is an important point. The Ameri¬ 
can R.M.A. have chosen 25*75 Mc/s for the vision channel 
and 21*25 Mc/s for the sound; the earlier standard had been 
12*75 Mc/s for vision and 8-25 Mc/s for sound. No standard 
has been adopted in this country but both vision and sound 
I.F.s usually lie in the band 8 to 15 Mc/s with preference 
towards the higher end; a typic^ example is the Murphy 
V.116, which employs 13*5 Mc/s for vision and 10 Mc/s for 
sound. The broad factors underlying the choice of the I.F. 
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are mutually conflicting, for while it is an advantage to raise 
the I.F. in order to increase the ratio of I.F. to picture signal 
bandwidth, and thereby ease the problem of achieving the 
required bandwidth, the performance of the amplifiers deteri¬ 
orates with regard to gain and stability. Moreover, if only 
one station is to be received no advantage will be gained 
in frequency translation unless the reduction is considerable; 
m the limit the permissible reduction is set by the maximum 
modulation frequency. In the British case it would therefore 
appear that of the available frequency range, from maximum 
modulation frequency of 3-0 Mc/s (say) to the edge of the 
lower sideband, i.e. 42*0 Mc/s, the region between 10 and 
20 Mc/s would be most suitable if full advantages of superhet 
reception are to be gained. A further factor is of sufficient 
importance to be considered in making a more precise choice; 
the output of the I.F. amplifier always contains harmonics 
of the I.F. which may be fed back in sufficient strength to 
interfere with the signal in the preselector circuits. Thus the 
second harmonics of an I.F. of 22-5 Mc/s will have a frequency 
equal to the video carrier (45 Mc/s); expressed more generally, 
45 ±/ 

frequencies given by-where / is the half-bandwidth and 

n an integer (i.e. 1, 2, 3, etc.) may possibly lead to this trouble. 
These bands of undesirable intermediate frequency are given 
in the accompanying table for n ^ 1 to 6, together with the 
frequencies of the intermediate clear bands, viz. 8-2, 10-05, 
13*0, and 18-5 Mc/s, of which the first three have been used 
in commercial receivers; intermediate frequencies around 
13 Mc/s are becoming more popular and the trend is definitely 
upward. Elimination of harmonic interference is largely a 
matter of careful screening and filtering and a high I.F. helps 
in the filtering problem which is most acute at the high-level 
(detector) end of the amplifier, where push-pull detection is 
helpful.<20) 

Choice of Local Oscillator Frequency. The local 
oscillator frequency (/,) may have either of the two frequencies 
of /c db/i relative to the carrier frequency (/c). When it was 
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Table VI: Undesirable Intermediate Frequencies and 
Intermediate Clear-band Frequencies (Mc/s) 



Sub-harmonic Bands of Video 
Signal 

Intermediate Bands 

n 

Lower 

Limit 

Centre 

Upper 

Limit 

Lower 

Limit 

Centre 

Upper 

Limit 

1 

42 

4r> 

48 

24 

33 

42 

2 

21 

22-5 

24 

U) 

18-5 

21 

3 

14 

15 

10 

12 

13 

14 

4 

io-r> 

[ 11-25 1 

: 1 

12 

9-6 

1 10-05 

10-5 

5 

S-4 

1 

0 

9-() 

i 

8 1 

8-2 

8-4 

0 

7 

7-5 

1 

« i 

i 





more difficult to generate oscillations of frequency greater 
than the video carrier the lower of these two values was pre¬ 
ferred, and still is, in most British receivers, despite the possi¬ 
bility of interference from the second harmonics of short-wave 
stations operating below 20 Mc/s, It is common American 
practice to choose the upper value, which is less susceptible 
to short-wave harmonic interference, because it falls around 
the '‘second channel” (i.e. /, when > /c), to which the 

receiver is made less sensitive than to by the tuned R.F. 
circuits needed ahead of the frequency changer in order to 
increase signal-to-noise ratio. And since the picture carrier is 
below the sound carrier (Fig. 6.1a (i)) the picture l.F. comes out 
at a higher value than the sound l.F. when a common frequency 
changer is employed, thus giving a higher ratio of picture 
l.F. to maximum video modulation frequency. If a relatively 
high l.F. is employed the problem of achieving sufficient 
stability of the local oscillator when tuned to the higher 
ifc + fi) of fhe two possible frequencies may be distinctly 
greater than in the lower case. 

Complete Frequency-changing Circuits. It is very rare 
for the functions of oscillation generation and frequency mixing 
to be attempted in a valve using a single electron stream, 
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chiefly because the jiroduction of a sufficiently large and stable 
oscillation requires a separate oscillator valve. A triode- 
hexode is often employed and s])ecially designed U.H.F. forms 
of this combination allow advantage to be taken of the possi¬ 
bility of short, direct connection between the two circuits 
without excessive mutual couplings of an undesirable kind. 
The most satisfactory arrangement a])pears to be a pentode 
U.H.F. amplifier valve as the mixer together with a U.H.F. 
triode oscillator. A comparatively recent development is the 
use of a double U.H.F. triode as a complete frequency-changing 
stage. 

An example of the triode-hexode frequency changer as 
used in H.M.V. models 1803, 1804, is shown in Fig. G.Oa. The 
first grid of the hexode mixer is fed capacitatively from the 
anode of the preceding R.F. amplifier. The grid inductor, which 
is tuned to 45*0 Mc/s by its own and the associated capaci¬ 
tances (strays), is returned to ground so that the grid is biased 
negatively to the cathode by the amount of voltage developed 
across the total resistance between cathode and earth. The 
local oscillation generated by the triode portion of the X81 
frequency changer, which is arranged as a conventional Hartley 
oscillator, is injected internally by direct connection between 
the grid of the triode and of the hexode. The triode oscillator 
is stabilized to some extent by the provision of a self-biasing 
grid CR combination, by the inclusion of a 10 ‘‘anti-parasitic” 
resistor in its anode lead and by a well-decoupled anode feed. 
An interesting point is the sharing of a common-cathode 
variable resistor between the mixer and first I.F. amplifier 
for the purpose of “contrast” control; the 220 Q, 0*1//F 
decoupling filter will be noted. 

Probably the most efficient frequency-changing arrangement 
is that in which the three functions of local oscillation genera¬ 
tion, mixing and detection are separated and a modern U.H.F. 
valve used in each stage. A good example is that employed 
in the Murphy V.116 (shown in Fig. 6.9b). The local oscillator 
and R.F. amplifier feed in parallel to the anode of a diode 
frequency changer having the tuned I.F. load in its cathode 
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Fkj. ().0a. Thk Fiikqitenc’s- rHAN<;KR CiuriTiT of H.M.V. Modkl 
1804 Kfffivfr 

{('oKrtrsi/ of The (iraniophnne ('onipanf/, Ltd.) 


lOOpf 



Fio. 6.9b. The Fbequency-chanoer Circuit of Murphy Models 

VU4, 116 

(Courtesy of Murphy Radio, Ltd.) 
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circuit. The parallel CR in this circuit not only forms part 
of the damped I.F. tuned circuit but develops cathode 
bias* for the diode. Both control and suppressor grids of 
the first I.F. amplifier are biased and the cathode tuned 
circuit is tuned to the sound I.F. in order to eliminate 
sound on picture” by negative feedback. The diode is not 


R.F.C. 


6-2 KQ 



IF. 

Output 

Sound 

and 

Vision 


Fig. 6.9c. The Fheqcency-changer Circuit of the 
Philco Model 48 1000 
{Courtesy of the Philco Corporation, hUl.) 


only effective as a mixer but has the advantages of intro¬ 
ducing little ‘"noise” (see § 6.10) voltage, and of being diffi¬ 
cult to overload and linear in its R.F. input-I.F. output 
characteristic. 

An example typical of American practice is shown in Fig. 
6.9c, where a conventional Colpitts oscillator employing one 
section of a 6J6 double-triode feeds through a coupling inductor 
to the grid of a 6AG5 R.F. pentode mixer to which electrode 
the R.F. signal is applied. The I.F. output is selected by a 
bandpass transformer in the anode circuit of the mixer. This 
circuit is taken from the Philco Model 48-1000 receiver des¬ 
cribed in Chapter VIII. 
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The final example, shown in Fig. 6.9d, is representative of 
the present trend in U.S. receivers where single and double 
U.H.F. triodes are beginning to replace pentodes in the early 


Twin 

Feeder A D 



Fig. 6.9d. Thirteen-channel U.H.F. Unit 
{Courtesy of R.C.A., Ltd.) 


stages of the signal chain. The circuit is given in skeleton 
form because the tuning circuit is switchable over thirteen spot 
frequencies, one for each allotted channel. The mixer has a 
push-pull tuned input circuit between the two control grids 
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of the double-triode, one of which is fed capacitatively by the 
R.F. amplifier and tlie other magnetically from the local 
oscillator, while the outputs are paralleled to a common anode 
load tuned to the I.F. The load is composite and feeds both 
sound and picture I.F. channels. 



Fi«. 6.9e. The R.F. of the R.C.A. Television Receiver 

The circuit of this unit is sliown iu PiR. G.9 d. 

{Vourtesy of R.C.A. Review") 

6,10. Noise. The imjiortance of noise is well known in 
connection with long-distance broadcast reception and it will 
be remembered that an effective method of improving the 
signal-to-noise ratio is to include at least one stage of R.F. 
amplification prior to the frequency changer. During the war 
the problem of noise reduction was so important (for it was 
noise that limited the detection range of radar receivers) that 
the subject was studied intensively and new methods of 
assessing, measuring, and reducing the noise output of receivers 
were developed. Noise is important in television reception for 
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similar reasons; the transmitted power is relatively small, is 
rapidly absorbed in travelling over the earth’s surface, and is 
normally received only over the direct path between transmitter 
and receiver. Accordingly it is necessary for the noise per¬ 
formance of a receiver to be as high as possible if satisfactory 
reception toward the edge of the service area of the transmitter 
is to be achieved. The problem is aggravated by the wide 
acceptance band of the television receiver. 

The noise output, i.e. random signal ^fluctuations which 
produce background hiss at all frequencies in sound receivers, 
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Fig. 6.10a. Effective Arrangement of the Three Principal Sources 
OF Noise Voltage in the First Stage of the Receiver 


is due to various causes. At ultra-high frequencies the random 
signals received from unknown sources in space although small, 
are much stronger than at lower frequencies, and this undesired 
input adds to the tiny voltages produced by thermal agitation 
in all the conductors forming the entire input circuit to the 
valve; moreover, appreciable “shot” and fluctuation noise is 
contributed by the first R.F. amplifier. Provided the gain of 
this stage is adequate the additional noise contributed by 
succeeding valves and their coupling circuits is negligible. 
The two principal methods of noise reduction are, firstly, 
careful choice of configuration of the components in the input 
circuit and also of their self-impedances so that the total 
grid-cathode noise input to the first valve is minimized and, 
secondly, choice of a suitable valve and mode of operation. 
The first point is illustrated by Fig. 6.10a, where the noise 


8-(T.575) 



210 


PRINCIPLES OF TELEVISION RECEPTION 


voltage picked up by the aerial (e^), the thermal noise voltage 
generated in the aerial (Cg) and in the input circuit (Cg), and 
the noise voltage contributed by the valve (e^) are shown in 
relation to the impedances of the simplified circuit configura¬ 
tion. The thermal voltages are dependent on the values of 
these impedances and by choice of the latter together with 



Fig. 6.10b. Two R.F. Input Amplifier Circuits having Better 
Signal/Noise Performance than the Conventional Grid Input- 
Anode Output Pentode Amplifier 


appropriate arrangement of the coupling circuit (usually a 
tapped inductor) the overall noise input to the valve can be 
reduced to a minimum. Incidentally the conditions for maxi¬ 
mum signal/noise ratio are not, in general, the same for 
maximum signal energy transfer. 

The slope of the amplifier valve should be high, because the 
signal power output increases as its square. A pentode contri¬ 
butes more noise than a triode because noise caused by the 
random nature of the arrival of electrons at the anode is 
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increased by the random partition of the space current between 
screen and anode. It is possible to reduce the anode shot noise 
in any form of amplifier valve by cathode feedback, but 
partition noise is obviously not improved by this method and 
is of sufficient magnitude to justify the preference for a triode 
valve. There are two ways of making the latter suitable for 
high-frequency working, i.e. of nullifying the feedback from 
anode over the anode-grid capacitance. The grid may be 
earthed and the signal applied to the cathode, or the inter¬ 
electrode feedback may be neutralized by anti-phase feedback 
over an additional external path. Of the two methods the 
first has been used extensively in radar and in some television 
receivers, but the adoption of the second method is a recent 
trend, particularly in America. The neutralized triode usually 
provides more gain because in the grounded-grid circuit 
appreciable feedback voltage is developed across the cathode 
input circuit. Skeleton circuits of the two arrangements are 
shown in Fig. fi.lOB.^^^, 21,22, 23) 
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THE SOUND CHANNEL 

The problem of combining the transmission of both sound and 
vision signals on a single carrier remains in the experimental 
stage and in present-day transmissions the sound signal is 
transmitted and received independently of the vision signal. 

7.1. General Methods of Sound Transmission. When the 
B.B.C. transmitter was designed it was decided to take advan¬ 
tage of the wide frequency band available in the U.H.F. 
region and provide high-fidelity reception enthusiasts with a 
wide-band amplitude-modulated (A.M.) sound transmission. 
This decision was justified by the negligible frequency band 
occupied by the sound channel by comparison with the far 
wider picture channel and also by the comparative absence of 
other transmissions in the frequency range to be occupied by 
the complete television signal. At that time, i.e. before 1936, 
frequency modulation (F.M.) was, from the commercial point 
of view, in its infancy, but by the time television standards 
in the U.S.A. needed revision F.M. had been fully exploited 
and it was decided to adopt it instead of A.M. More recently 
the relative merits of the two methods of modulation have 
been critically examined, particularly in this country, and it 
is by no means certain that F.M. is generally superior to A.M. 
Although F.M. provides better reception under condition of 
heavy interference the latter is often of a pulsating nature 
such as that produced by the ignition systems of motor cars, 
and simple circuital methods have been developed for A.M. 
receivers which considerably mitigate this trouble. The chief 
disadvantage of F.M. is the increased complexity of the 
receiver and, since the problem of economics is far more acute 
at the receiving end than at the transmitter, experiments have 
been made with methods of modulation other than A.M. and 
F.M. in an attempt to reduce reception to the simplest possible 
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form. An example of these attempts is the Pye method of 
inserting width-modulated pulses in the line synchronizing 
pulse periods, and since this technique was demonstrated 
before the Institution of Electrical Engineers in January, 1946, 
details of similar American experiments have been pub- 
lished.<i4. 

7.2. Receivers for Amplitude Modulation. There is a wide 
variety in the circuits employed for reception of the sound 
channel in British receivers. It is most satisfactory, of course, 
to employ completely independent receiving chains for the 
sound and vision channels; the problems peculiar to each 
transmission may then be handled independently. The in¬ 
creased popularity of the straight receiver in post-war designs 
has led to the common adoption of a T.R.F. chain for each 
signal (Fig. 8.6b), usually with the first one or two R.F. 
amplifier stages common to each chain. On the otht^r hand, 
the superhet enables adequate discrimination between sound 
and vision signals to be achieved more easily than does the 
straight circuit and the extra cost of the frequency changer is 
offset by the possibility of making it common to both receivers. 
The resultant arrangement was very common in pre-war 
designs and is still widely used. In this case the common R.F. 
amplifier must have a sufficiently wide pass-band to accom¬ 
modate both signals. Separate mixers may be employed as 
in the Murphy V.1I6 receiver (Fig. 6.9b) described in the next 
chapter. Alternatively, the two I.F. signals may be selected 
from the output of a common mixer, either in the output 
circuit of the mixer (Fig. 6.9 d), or later in the I.F. amplifier 
(Fig. 8.3c). In one recent receiver the vision circuits are 
T.R.F., and sound is received on a separate superhet. In the 
cheaper class of receiver an output stage and loudspeaker 
may be dispensed with and the detector output taken to a 
socket linking to the pickup socket of an existing broadcast 
receiver. 

The R.F. amplifier, frequency changer (where used) and 
detector of the sound receiver are generally similar to the 
corresponding stages of the vision receiver, but there are one 
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or two important differences. The overall bandwidth is con¬ 
siderably narrower, so that each amplifier provides a much 
higher gain and fewer stages of amplification are required. 
For reasons of stability, however, the bandwidth is not re¬ 
stricted to that needed to pass the signal (say 20 kc/s) but is 
widened to perhaps 50 kc/s-100 kc/s. This point is particularly 
important in superbet receivers where it eases the problem 
of oscillator stability. It is unnecessary to employ staggered 
tuning, but band-pass couplings are sometimes used. In most 
commercial receivers full justice cannot be done (for economic 
reasons) to the high cpiality of the sound transmission, and 
the audio-frequency circuit following the detector rarely con¬ 
sists of more than a conventional output stage. The latter 
must be thoroughly decoupled when its H.T. supply also feeds 
the vision receiver, otherwise interference will appear on the 
picture. Typical commercial circuits will be given in the next 
chapter. 

7.3. Ignition Noise Suppression in A.M. Receivers. Most 
receivers include some method of limiting interference caused 
by car ignition. The problem will be discussed with reference 
to Fig, 7.3a, where an audio-frequency signal variation is 
accompanied by an interfering pulse signal. An obvious method 
of reducing the effect of the latter would be to pass the signal 
and interference through a diode gate so biased that when the 
pulses rise above the dashed line the diode becomes non- 
conductive. It will be clear that this method cannot be satis¬ 
factory unless the bias which decides the potential at which 
the gate opens is kept just above the audio signal voltage. 
This is the principle of a circuit due to H. A. Fairhurst; it is 
used in Murphy receivers and is given as a typical example 
of the variety of circuits in use. The varying bias for 
the gating diode Fj is obtained from the signal voltage at 
the anode of the output valve by the rectifier Fg. This valve 
is coupled to the anode through in order to block the d.c. 
component of the pentode anode voltage. Similarly the 
voltage developed across the cathode capacitor C^, of Fg and 
applied to the gating-diode anode through must be blocked 
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from the pentode grid without hindering the passage of the 
audio signal—hence 

7.4. Receivers for Frequency Modulation. The basis of 
frequency modulation is the use of the modulating frequency 
Inierfering Pulses 

Clipping Level 
0 

(i) Effect of Clipping Pulsating Interference at Fixed Level 



(ii) The Murphy Noise Suppressor Circuit. See also Fig 8'Sc (V.10) 

(Courtesy Murphy Radio ltd 
Fig. 7.3a. Suppbessor Systems 


to vary the frequency rather than the amplitude of the carrier 
wave. It was expected originally that this method of modula¬ 
tion would lead to a reduction in the frequency band occupied 
by the modulated carrier, provided the frequency deviation 
caused by the modulating voltage was made less than the 
frequency of the latter, but analysis shows that whereas only 
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one pair of sidebands is produced by A.M. the number gener¬ 
ated by F.M. is infinite. In practice only the sideband pairs 
relatively close to the carrier are of significant ampli¬ 
tude ; even so, the total bandwidth occupied is greater than 
in A.M. 

The relative nature of the methods may be understood more 
readily by comparing their vector equivalents. Thus in the 
case of single-tone A.M. the component frequencies, namely, 
/c» fc + fm, and may be represented by three separate 

vectors rotating with corresponding angular velocities. From 



Fig. 7.4a. Vectoulal Compakison of Amplitude and Fkequency 
Modulations 


the point of view of an observer stationed on the carrier 
frequency vector, the two sideband vectors will appear to 
rotate with equal angular velocities but in opposite directions 
(i.e. one clockwise, the other anti-clockwise) as indicated in 
Fig. 7.4a. In the F.M. case an observer on a reference vector 
representing the unmodulated condition would see a single 
vector, representing the modulated carrier, swinging backwards 
and forwards over an angle proportional to the depth of 
modulation and with a frequency equal to that of the modu¬ 
lating voltage. 

The principal advantages of maintaining constant carrier 
amplitude are, firstly, that the transmitter R.F. amplifiers do 
not have to handle increased amplitude voltage and current 
swings (up to double their normal (unmodulated) values) as 
in A.M. when modulation is applied, and secondly, the receiver 
amplifier may operate as an amplitude limiter and thereby 
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be made relatively insensitive to amplitude-varying interference 
signals. 

The principal feature of an F.M. receiver is the different 
type of circuit needed for detection. An F.M. demodulator 
must provide an output voltage which is dependent on the 
frequency rather than the amplitude of the received R.F. 
signal, and frequency discriminators developed for automatic 
frequency control (A.F.C.) in superhet broadcast receivers are 
suitable for this purpose. The desired characteristic is shown 
in Fig. 7.4 b together with the most commonly employed circuit. 
The characteristic relating input frequency and output voltage 
must be linear over the bandwidth it is desired to receive and 
should pass through zero voltage at the central frequency of 
the signal. The steeper the slope the greater will be the output 
for a given shift of signal frequency. Outside the desired band 
the curve should return rapidly to zero. The ideal response is 
not achieved in practice and the requirements are to some 
extent conflicting; an important point is the need for accurate 
alignment of the tuned circuit used to provide the character¬ 
istic. The principle of the Foster-Seeley arrangement given 
in the figure is the change in phase of the output of a fixed- 
tuned resonant circuit as the frequency of applied signal is 
varied. Referring to the circuit, which is shown in its simplest 
form, it will be noted that the last l.F. stage is bandpass 
coupled to the discriminator which consists of two diodes fed 
one from each end of the secondary tuned circuit and having 
their loads connected in series. In addition to the transformer 
coupling a voltage is capacitatively coupled from the anode 
of the driving valve to the centre-tap of the transformer 
secondary in order to establish a phase reference. When the 
primary and secondary circuits are both exactly in tune with 
the signal carrier the various voltages have the relative phases 
shown in the figure; the inputs to the two diodes are equal in 
amplitude, so the two output voltages developed across the 
series-connected loads will be equal and opposite and will 
therefore cancel out. If now the input frequency shifts, the 
voltages feeding the diodes will both shift relatively to the 
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reference voltage, and the input to one diode will increase and 
that to the other diode will decrease, thus providing a direct 
output voltage proportional in magnitude to the signal fre¬ 
quency shift and of polarity corresponding to the direction 
of shift. An opposite change of input frequency will cause the 
polarity of the output voltage to reverse. The need for A.F.C. 
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(i) Comparison of Noise Characlerislics of A.SlF.M Receivers 
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(ii) A Simple De-empbasis Network 
Fig. 7.4c* 

in F.M. receivers will be evident; it can easily be provided— 
the discriminator is already available—but it is often omitted 
because the reactance valve needed leads to additional expense. 
Suitable forms of ‘'magic eye’' indicator are often provided to 
facilitate the precise tuning required. 

The degree of amplification in the early stages of the F.M. 
receiver must be sufficient to provide adequate input to the 
limiting stage, so that the limiter operates effectively and 
provides a constant-amplitude input to the discriminator. 
Usually two limiting valves in cascade are necessary and the 
grid-limiting type is most popular. 

* In the case of the American inriuiemission the maximum frequency 
deviation is 26 Kc/s and the CB of the de^emphasis circuit is 76 /usec. 
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An interesting secondary feature of F.M. is the use of 
high-note emphasis at the transmitter and corresponding de- 
emphasis at the receiver. The amplitude of the noise input 
to a receiver is normally practically independent of frequency 
throughout its acceptance band. The discriminator circuit 
will therefore, assuming a flat receiver frequency response, 
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provide a noise output which (in the presence of a carrier 
signal) increases linearly from zero for noise of the same fre¬ 
quency as the signal carrier. The noise output spectrum is 
therefore triangular, as shown in Fig. 7.4c. In order to offset 
this effect the transmitter modulator is given a rising frequency 
characteristic and at the receiver balance is restored by passing 

Modulated Sound &. 



Fig. 7.4e. Carrier-difference Reception of F.M. Sound Signal 


the demodulated signal through a integrator. The block 
schematic of a complete F.M. receiver is shown in Fig. 7.4d. 

Carbier-Diffeeence F.M. Reception. A description has 
recently been published^®^ of a modified method of receiving 
the American F.M. sound transmission. A common superhet 
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is used for both sound and vision signals so that at the output 
of the detector the F,M. sound signal appears on the difference 
carrier which is produced by heterodyne action between the 
two received carriers. The frequency of this new carrier is 
4*5 Mc/s. It is filtered off* at the V.F. amplifier output and 
passed through a buffer amplifier to a conventional F.M. 
detector from which stage the remainder of the circuit may be 
as usual. The principal advantages of this method are a small 
reduction in ov^erall receiver cost, together with elimination of 
the local oscillator drift problem in so far as it affects the sound 
channel (Fig. 7.4e). 

7.5. Pulse Modulation. A continuous radio-frequency wave 
is characterized by its frequency, phase, and amplitude, all 
of which are constant in the immodiilated condition, and it is 
well known that any one of these three parameters may be 
varied in order to transmit intelligence. It is not necessary 
for the R.F. carrier to be continuous, however, and there are 
advantages in the use of a repetitive R.F. pulse, i.e. an R.F. 
wave which is periodically switched on and oft'. It is important 
to note that an R.F. jmlse train of constant recurrence frequency 
and indefinite duration does not by itself convey intelligence 
even though by demodulation it provides a wave having the 
same shape as the envelope of the R.F. pulse wave. In the 
case of R.F. pulses of square form, i.e. of constant average 
amplitude during the pulse, several methods of modulation are 
feasible. Successive pulses may be varied progressively in 
amplitude, in recurrence frequency, in width, or in position 
relative to the mean condition. In width modulation both 
edges of the pulses may be shifted so that the average position 
of the pulses remains unchanged; alternatively, the timing 
of one edge may be fixed and the timing of the other edge 
varied. So far no generally accepted nomenclature for these 
various methods has been adopted although several schemes 
have been suggested. The important feature of pulse modula¬ 
tion is the possibility of transmitting simultaneously several 
sets of pulses having the same P.R.F. on a single channel, 
simply by spacing them out in time to avoid overlapping; 
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this technique is called the time allocation method of multiplex 
communication. 

Returning to the problem of television sound transmission, 
it will be clear that the line synchronizing pulses, in periodically 
cutting off the transmission (in the British case) makes it 
possible to insert a narrow pulse in each line synchronizing 
interval and the train of pulses so formed may be modulated 
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Fig. 7.5a. Method of Modulation used in the Pye 
‘ ‘ ViDEosoN 1C ” System 

to convey the sound signal. In the Pye “Videosonic” system 
the additional pulses rise above the 100 per cent (actually to 
about 130 per cent) level representing maximum spot brightness 
and can therefore be clipped off in a circuit of the type used 
to separate the synchronizing pulses. Modulation is achieved 
by varying the phasing of the leading edge of the pulse which 
is always terminated 1 juseo before the end of the line synchron¬ 
izing pulse. The sound pulses vary in width between the limits 
1-5 //sec so that the mean, unmodulated, width is 3 //sec. 
Mathematical analysis of the modulated pulse shows that the 
resultant spectrum has as its lowest frequency component a 
wave of modulation frequency varying in amplitude with the 
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pulse width; in other words, a low-pass filter which cuts off 
just above the modulation frequency provides an output similar 
to the original modulating wave.* The modulation is shown 
in Fig. 7.5a and the skeleton Pye circuit in Fig. 7.5b. 

The output of the detector of the common vision receiver 
is fed with the picture modulation and sound pulses in negative 
polarity to the left-hand section of the double-triode where it 
is amphfied and inverted and then fed to the grid of the right- 
hand section through a long time-constant CR coupling. The 



Fig. 7.5b. Circuit for Pye Sound-on-vision Signal 
{Courtesy of Pye, Ltd.) 


sound pulses draw pulses of grid current into the coupling 
capacitor and the mean negative bias so produced effectively 
d.c. restores the signal in the negative direction. The grid 
base of the valve is short compared with the signal amplitude, 
so that only the sound pulses rise above the anode current 
cut-off bias level. The low-pass filter needed to eliminate all 
frequency components of the width-modulated pulses except 
the one at modulation frequency should have a cut-off frequency 
a httle greater than half of the line frequency (i.e. J X 10,125 
= 5012-5 c/s 5 kc/s). The filtering is achieved partly by 
the negative feedback due to the rejector circuit connected in 
the cathode lead of the output stage and partly by the inte- 

* See Appendix I (§ A 1.8). 
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grator circuit in the coupling between and Fg. The 
rejector circuit is tuned to line frequency but is sufficiently 
flat to eliminate undesired frequencies in the band 5-10 kc/s, 
while the integrator filters off the higher frequency components. 
Cut-off at 5 kc/s is sharpened by tuning the leakage inductance 
of the output transformer by the addition of C^. 

Among the advantages claimed for this method are— 

(i) The sound receiver is simpler and cheaper than in A.M. 
or F.M. 

(ii) The separate sound transmitter is eliminated.^®' 

13, 14, 15, 16) 
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CHAPTER VIII 


THE COMPLETE RECEIVER 

At the present time a wide variety of television receivers is 
being produced by commercial manufacturers both in this 
country and in the U.S.A. In a 1950 analysis of British 
production, for example, some thirty-five firms were together 
manufacturing 135 different models. While the primary 
purpose of the present volume is the discussion of the principles 
of television reception technique and not the presentation of 
a collection of commercial circuits, it will be helj)ful to review 
the general features of receivers in current production and to 
describe typical complete circuit diagrams. 

8.1. General Features of Commercial Television Receivers. 
One method of classification would be on the basis of the 
method of viewing the picture (Fig. 8.1a). In most cases the 
picture is viewed directly (except for the interposition of a 
protective screen of thick non-spfinterable glass), in which case 
the tube is mounted horizontally, or with a slight upward tilt, 
and the outer side of the tube face is visible (through the 
protective plate) from in front of the set (Fig. 8. 1b). A variation 
is provided by the Baird ‘"Grosvenor” receiver, in which the 
picture is viewed from the gun side of the screen, as indicated 
in Fig. 8.1a. The indirectly-viewed tube arrangement divides 
into two categories. When a large cathode-ray tube is used it 
is mounted in the cabinet with the screen looking vertically 
upwards and is viewed in a large mirror mounted in the lid 
which is lifted up and fixed at an angle of 45° when the set 
is in use (Fig. 8.1c). Where a projection tube is employed, 
together with a spherical mirror, aspheric correcting plate and 
plane mirror, the image is projected through a large screen 
of special design (Fig. 8. In); two possible methods of arranging 
the entire system have already been described in Chapter III. 
With regard to picture size the largest tubes for direct viewing 
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Mou Jded 
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Mask 


Protective 
Glass Sheet 



Viewer 


Front Panel 
of Cabinet 


(i)The conventional method of viewing the Picture Tube (Non-projection 

Type) 



(ii) The Baird method of viewing the Fluorescent Screen from the Gun 
side. The oblique incidence of the Scanning Beam requires "keystone 
correction" of the raster, i.e modulation of line amplitude at 
frame Frequency, to produce rectangular shape 



(iii) Use of a Reflecting Mirror (See Fig.S.lQ 


Fig. 8.1a. Three Methods of Viewing Non-projection Type 
Cathode-RAY Tubes 






Fio. 8.1b. The Cossor Model 902 Console Receiver in Plastic 
Exhibition Cabinet 
(Cmrtety of A. C, Cossor, Ltd.) 
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in home receivers are 15 in. diameter. When larger pictures 
are desired the projection method is preferred and the few 
commercial projection models at present available provide 
pictures of the order of 20 in. width and corresponding height. 

There are tw^o widely-adopted methods of arranging the 
various units comprising the complete receiver. In table models 



Pio. 8.1c. The Kkco TSC 48 Television Console Receiver 
{Courtesy of E. K. Cole, Ltd.) 


the picture tube, which is usually of the directly viewed type 
having a screen diameter of 6 in. to 10 in., is mounted alongside 
the loudspeaker; the Pye Model B.16T shown on p. 234, 
Fig. 8.3a, is an example of this type. Most console models 
employ the larger type of directly-viewed tube (9 in. to 15 in. 
diameter) which is mounted above the loudspeaker at a suitable 
viewing level. The photograph of the Murphy Model V.116 
on page 238 is typical of this arrangement. Some consoles are 
fitted with opening or sliding doors or a hinged flap so that 
the unsightly bare tube face may be covered when not in use. 

Internal construction ranges from a single chassis carrying 
the complete circuit in table models, to a number of separate 
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units (sub-chassis) mounted around a box frame in console 
receivers. Examples of both these methods are given in the 



Fig. 8. Id. The H.M.V. Pbojeotion-type Television Receiver 
{CourtcBy of The Oramophone Company, Ltd.) 

illustrations included in this chapter. A typical subdivision 
of the complete circuit where separate units are preferred is as 
follows: aerial input panel, vision receiver, synchronizing and 
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scanning unit, sound receiver, sound output stage and loud¬ 
speaker, power unit. 

Table models and the lower-priced consoles rarely provide 
more than television reception, but a large proportion of the 
more expensive sets include an all-wave broadcast receiver 
chassis having its own power supply so that it may be used 
independently of the television receiver when the latter is 
not required.<^» 

8.2. Operation of the Receiver. The vision receiver requires 
a number of controls, which may be grouped as follows— 

( Station Selector (except where only one station is 
catered for) 

Fine Tuning (in superhets only) 

{ Contrast (varies gain) 

Focus 

Brightness (or Brilliance) 

Line Hold (also called Line- or Horizontal- 
Synchronization) 

Frame Hold (also called Frame- or Vertical- 
Synchronization) 

Picture Width (also called Line- or Horizontal- 
Amplitude) 

Picture Height (also called Frame- or Vertical- 
Amplitude) 

On-Off Switch (common to all circuits) 

Of these the first group selects the desired station and where 
multiple station selection is used both sound and vision channels 
are tuned simultaneously by a continuously variable or stepped 
tuning control. British receivers rarely have any control over 
tuning—sometimes, in superhets, a fine tuning of the local 
oscillator is fitted. The second group controls the picture 
quality and includes the only controls normally made available 
as front-panel controls, the remainder being preset and hidden 
away under a flap, usually on one side of the cabinet. There 
is a trend towards making Focus and Brightness into preset 


Group 3 


Group 4 
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controls, leaving only one control (Contrast) in addition to 
Sound Volume and the common On-Off Switch. The hold 
controls are used to bring the scanning oscillator frequencies 
into synchronism with the received signal while the Height 
and Width controls enable the deflection ampHtudes to be 
set to make the picture size and shape match the rectangular 
mask over the tube face. American receivers usually have 
electrical control of picture centring and are more often fitted 
with time-base linearity controls than their British counter¬ 
parts. The actual operation of the Brightness and Contrast 
controls is not difficult once the preset controls are correctly 
adjusted. The latter process is carried out when the receiver 
is installed and is a matter of successive approximation. 
Provided the set is operating satisfactorily and receiving an 
adequate signal turning up of the Brightness and Contrast 
controls will produce a bright, defocused raster modulated in 
a jumbled fashion and of incorrect size. After focusing, the 
size is adjusted by means of the Height and Width controls 
to approximately the correct condition and the Line and Frame 
Hold controls are then adjusted in turn until the picture is 
resolved, firstly in the horizontal direction and then vertically. 
The Height and Width controls will then need to be increased 
to take up the size lost in obtaining synchronism. The Con¬ 
trast and Brightness controls, which had been well advanced 
to ensure getting a visible modulated raster, may then be 
brought to approximately their correct positions. In their 
effect on actual picture brightness they are of course inter¬ 
dependent, but for a given setting of the Contrast there will 
be a correct setting of the Brightness, namely the reference 
provided by the pedestals at black level which should be just 
below visibility. The picture is now at the first stage of approxi¬ 
mation and the various controls should now be systematically 
‘‘touched up’’ until the correct settings are obtained. In this 
final process due regard must be taken of such interdependent 
quantities as picture size and linearity, brightness and focusing, 
etc., which should be thoroughly checked since they vary fro^n 
receiver to receiver. 
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8.3. The Pye Model B16T Receiver. The Pye Model B16T 
has been chosen as a typical British table receiver of post-war 
design. The frontal appearance and chassis lay-out will be 
clear from the accompanying illustrations (Figs. 8.3a and 8.3b) 
and the complete circuit diagram is given in Fig. 8.3c. 

The vision receiver is of the T.R.F. type and employs four 
stages of amplification, in each of which a MuUard valve, type 
E.F.50, is used. The aerial feeder is matched into the input 
circuit of the first stage by tapping into the grid inductor. The 
Vision Sensitivity control, which varies both control and 
suppressor-grid potentials in correct proportion to minimize 
change of valve input impedance with gain, is used to preset 
the gain to approximately the required level. Fine control 
of gain for front-panel adjustment of picture contrast is 
achieved by a control (Contrast) operating in a similar circuit 
which is common to both the second and third stages. The 
interstage couplings are all of the bandpass type and are 
‘‘staggered” to receive both sidebands of the signal. Trans¬ 
mission of the sound signal through this amplifier chain is 
made negligible by the insertion of parallel tuned rejectors 
in the cathode circuits of the third and fourth stages. The 
detector is a simple half-wave diode circuit and has an induc¬ 
tively compensated load. The video amplifier is directly 
coupled to the cathode of the picture tube, thus avoiding the 
need for a d.c. restorer. The choice of cathode drive of the 
tube requires a negative-going picture signal at the amplifier 
anode and necessitates the use of sufficient cathode resistance 
to bias the grid back toward the bottom end of the la-Vg 
characteristic in order to accommodate the positive-going input. 
This allows the use of appreciable frequency-selective negative 
feedback from the cathode circuit and it will be noted that a 
small capacitor connected across the bias resistor provides 
further H.F. compensation by making the cathode load im¬ 
pedance fall with increasing frequency. The rising A.F. response 
caused by the insertion of a 5-6 k£i, 16 /^F decoupling filter 
in the V.F. anode circuit is compensated by the inclusion of 
a parallel GR circuit of similar time constant (47 kSi, 2 //F) 
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in the signal path to the tube cathode. The grid of the tube 
is set to a lower potential than the cathode by a potentiometer 
(Brilliance) connected across the H.T. su})ply. Should the 
anode current of the V.F. valve fail the tube cathode will rise 
to a much higluu’ value, thereby blacking out the tube. The 
right-hand diode of the EB91 is operated so that it is normally 
non-conductive but when a large-amj)litude interfering pulse 
appears at the diode cathode the diode conducts heavily and 
effectively couples the V.F. amj)lifier anode back to its grid 
through the 0* 1 //.F capacitor. The resultant negative feedback 
attenuates the interfering signal considerably. The 10 Mfl 
resistor not only i)rovides a negative bias for the diode anode, 
which bias varies with the signal amplitude, but, together with 
the 0*1 fiF feedback capacitor it forms a long time constant 
coupling which prevents the diode anode from following a 
rapid change of V.F. anode voltage. The suppressor is there¬ 
fore sensitive to rate of change of input which is an advantage 
in the case of sharp interfering y)ulses. 

The synchronizing separator is of the anode-current cut-off 
type and is automatically biased by pulses of grid current 
drawn into the coupling capacitor by the ])ositive-going S 3 ni- 
chronizing pulses received from the V.F. amplifier anode. 
The grid-cathode portion of the separator therefore acts as 
a d.c. restorer and an additional diode for this purpose is 
unnecessary. The principle of the framing pulse separator has 
already been described (Chapter V). The frame time base uses 
two triodes in a common envelope. The left-hand triode 
operates in a conventional blocking oscillator fed through an 
integrator from a variable (Frame Amplitude) positive supply 
potential. The “free-running” frequency of this oscillator is 
controlled (Frame Hold) by varying the positive potential 
applied to the “earthy” end of the grid leak (1-5 Mf2). The 
charging capacitor, across which the sawtooth wave is gener¬ 
ated, is split to allow feedback by the Blumlein method 
(described in Chapter IV) from the anode of the output valve. 
The latter is a triode (the right-hand portion of the ECC34 
double-triode) operating in a simple circuit; it drives the low 



236 


PRINCIPLES OF TELEVISION RECEPTION 


impedance frame-deflector inductors through a step-down 
transformer. 

In the line time base the sawtooth generator is of the blocking 
oscillator type and uses the screen circuit for providing the 
feedback voltage, thus leaving the anode circuit free for the 
charging CR circuit. The feedback transformer is arranged 
as a difiFerentiating transformer for the line s 3 mchronizing 
pulses, which are supplied through a small capacitor from the 
synchronizing separator anode. The hne output stage is of 
conventional design. It will be noted that a preset linearity 
control is provided and amplitude is adjusted by controllable 
cathode-current feedback. 

Only two bandpass coupled E.F.50 signal amplifiers are 
needed in the sound channel because the first two stages of the 
video chain provide a measure of amplification of the sound 
signal, which is fed to the sound channel from the cathode of 
the third stage of the video chain. The gain level required to 
suit the prevailing signal level in the particular locality in 
which the receiver is installed is set by the “Sound Sensi¬ 
tivity” control in the cathode circuit of the first sound R.F. 
amplifier, while the fine panel control (Sound Volume) controls 
the amplitude of the A.F. voltage supplied to the grid of the 
pentode output stage. A diode noise gate is inserted in the 
signal path between the detector cathode and output valve 
grid. The anode bias, which sets the signal level at which the 
gate opens, is made to follow the mean A.F. signal amphtude 
by the 2*2 MD, 300 pF CR combination. The voltage developed 
across the output transformer feeding the loudspeaker is 
included in the output-valve cathode circuit to provide negative 
feedback. The common H.T. supply is conventional while the 
E.H.T. supply employs a simple half-wave circuit. 

8.4. The Ekco Model T.S.46 Receiver. The Ekco Model 
T.S.46 ig another example of postwar table-model design. The 
block schematic of this receiver is given in Fig. 8.4a and an 
illustration of the set in Fig. 8.4b. This receiver is the first 
British set to use an R.F. oscillator (frequency 140 kc/s) for 
the E.H.T. supply. Another feature is the use of a bridged-T 
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sound filter betwe^eii the second and third R.F. amplifiers of 
the vision receiver. 

8.5. The Murphy Model V.114, 116 Receivers. The Mur])hy 
receiver provides an instructive c(jntrast to the l\ye Model B.l GT. 
It is constructed on a unit basis (see cabinet and chassis 



Fig. 8.5b. The Chassis of the Mhhphy V.114 Table Receiver 
{Courtesy of Murphy Radio, Ltd.) 

illustrations, Figs. 8.5a and 8.5b) and assembled in table and con¬ 
sole versions. The receiver is of the superhet type and Thyratron 
generators are used in the scanning circuits. Special features 
of the circuit are the double-diode mixers and the method of 
ignition interference suppression used in the sound receiver, 
both of which have already been described (Chapters VI, VII 
respectively). A 12 in. tube (Mazda CRM121) provides a 10 in. 
X 8 in. picture. 


R.F. Amplifier vision Mixer Isi Vision IFA. 2nd Vision! FA. Detector V.F.Amp 

Mazda dF 12 ^MazdadOZ Mazda6Fi2 Mazda6F12 Mazda Mazda6F]2 Mazda CRM 121 


X 




9—(T.575) 


{Courtesy of Murphy Radio, Ltd.) 
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Referring to the complete circuit diagram (Fig. 8.50) it will 
be seen that a single R.F. stage, which is common to both 
sound and vision channels, drives two parallel mixing diodes, 
one of which feeds a two-stage vision I.F. amplifier (I.F. 
13-5 Mc/s) and the other a single-stage sound I.F. amplifier 
(I.F. 10*0 Mc/s). All the signal couplings are of the bandpass 
type. Both vision I.F. amphfiers have negative feedback 
rejectors tuned to the sound I.F. in their cathode circuits. 
The method of gain control is similar to that adopted in the 
Pye receiver in that the main control operates on the first 
R.F. stage while the panel “Contrast’’ control acts upon a 
later stage—in this case on the first I.F. amplifier The 6L18 
triode Colpitts oscillator feeds in parallel with the R.F. signal 
to the two diode mixers. Space is saved in the sound receiver 
by the choice of a double-diode-triode (Mazda HL 41DD) for 
detection and A.F. amplification and of a double-diode (Mazda 
DD41) for the noise suppression circuit; the latter stage should 
be compared with Fig. 7.3a. Both the video detector (Mazda 
6D1) and the video amphfier have inductive H.F. compensation 
of their loads. The latter stage is directly coupled to the C.R.T. 
grid and feeds the sjmchronizing separator from its cathode 
where feedback which decreases with increase of frequency is 
used to provide further H.F. compensation. Electrically 
separate diodes contained in a common envelope are used for 
synchronizing separation; both are of the series type. The 
upper diode feeds the Une time-base Thyratron generator 
through a CR differentiator while the lower one applies the 
s 3 mchronizing voltage to a damped resonant-circuit type of 
pulse-width discriminator working on the principle described 
in Chapter V. The two Thyratron generators are of straight¬ 
forward design, but Hawkins integrating-type linearity cor¬ 
rectors are inserted in the couplings to the output valves. Both 
output valves feed low-impedance saddle-type deflector induc¬ 
tors through step-down transformers and have their outputs 
controlled by current feedback from a variable resistor in the 
cathode circuit. A common H.T. supply is used for all the 
low-voltage circuits and the cathode-ray tube accelerating 
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voltage is developed in a separate half-wave circuit fed from 
the same power transformer. 

8.6. The Sobell T.107 Console Receiver. The iSobell T.107 
is typical of the class of receiver containing an all-wave super- 
hct broadcast receiver (see Fig. 8.6a). The complete block 
schematic of the circuit is 

shown in Fig. 8.6 b. Com¬ 
pletely separate straight cir¬ 
cuits are employed for televi¬ 
sion sound and vision reception 
and both are fitted with diode 
interference suppressors. Four 
valves are employed in the 
synchronizing systems to en¬ 
sure satisfactory synchronism. 

The time bases are straight¬ 
forward Thyratron-oscillator 
tetrode-output combinations 
using the same valves and 
similar drcuits to those of the 
Murphy receiver described in 
the last section. The broadcast 
receiver is a three-waveband 
five-stage superhet. An inter¬ 
esting, feature is the combina¬ 
tion of a light-ray tuning 
indicator with a dial engraved 
on a flap which may be drawn 
out of a recess above the picture tube when the latter is not in 
use and dropped over the tube face. The light ray which is 
projected upwards from a rotatable lens assembly mounted 
just below the tube face may then be rotated behind the 
circular tuning scales carried on the cover flap. 

8.7. The R.C.A. 7 in. Table Model Receiver. The R.C.A. 
7 in. table model receiver (1946-7) is representative of American 
practice. The R.F. unit, comprising an R.F. amphfier, mixer, 
and local oscillator, all of which are push-pull circuits employing 



Fig. 8.()a. The Sobell Model 
T.107 Console Television and 
All-wave Broaix’ast Receiver 
Courtesy of Sobell IridustrieSy Ltd.) 
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the 6J6 double U.H.F. triode, has been described already in 
Chapter VI. It can be tuned to any one of the thirteen standard 
channels. 4"he remainder of the circuit diagram is given in 
Fig. 8.7a. 

The limiting amj)lifier of the F.M. sound I'ccciver employs 
two bandpass-coupled pentode stages which feed a Foster- 
Seeley type discriminator. 14ie latter uses diode portions of 
separate double-diode-triodes (hATb) and the tiiode section 
of one of those valves amplifies the A.F. signal before it is 
applied to the (3K6~OT pentode output stage which drives a 
()in. moving-coil loudspeaker. 

Three tuned-anode ()A(b5 amplifiers are used for l.F. am})li- 
fication in the video receiver and the tliird has a negative- 
feedback type tuned (to the sound l.F. of 21-25 Mc/s) rejector 
(iircuit in its cathode lead. The half-wave diode detector 
has a H.F compensated anode load. Two triode amplifiers 
contained in a common envelope (OSNT -GT) amj)Iify the de¬ 
modulated signal. The first V.¥, amplifier grid is d.c. coupled 
to the detector anode, and the second anode is directly con¬ 
nected to the picture-tube grid; the d.c. component lost over 
the CR coupling between the first anode and second grid is 
restored by the grid current drawn into the coupling capacitor 
by the positive-going s^mchronizing pulses. 

The signal required by the synchronizing separator is tapped 
from the compensated load of the final V.F. amplifier and fed 
to another double-triode: the first section provides further 
amplification and the second removes the picture signal, all 
of which lies beyond the anode current cut-off* level. The d.c. 
component of the signal disappears in the coupling between 
the two triodes and is re-established by one-half of a 6H6 
double-diode. The separator is loaded in its cathode circuit 
and feeds the two time-base generators from different taps. 

The framing component of the synchronizing signal is 
accentuated by three integrating sections in cascade and fed 
to the grid of the triode discharge valve of the frame oscillator 
over the back-coupling transformer needed to make the dis¬ 
charger self-triggering. The oscillator is therefore of the 
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blocking type and its oTitpnt is controlled in frequency by a 
variable grid-leak resistor and in amplitude by a variable 
charging resistor. The discharge valve is actually one-half of 
a ()SN7({T and its output is fed by a (^R coupling to the other 
half which drives the frame deflector inductors through a step- 
down transformer connected in its anode circuit. The bias of the 



Fig. 8.7b. The R.C.A. 7 in. Table Receiver 

{Courtesy of R.C.A,, Ltd.) 

output triode is adj ustable to allow linearity control by varying 
that part of the la-Vg characteristic traversed by the input 
voltage wave. The deflector inductors are damped by parallel 
resistors. The steady current needed for vertical centring is 
taken from the H.T. supply and injected into the inductor circuit 
through a variably tapped resistor which controls the shift 
current both in strength and direction. 

In the line time-base generator the functions of trigger-pulse 
generation and sawtooth-forming capacitor discharge are per¬ 
formed by two electrically separate triodes mounted in the 
same envelope (6SN7GT). The line synchronizing pulses are 
taken from the tapped cathode resistor of the separator and 
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applied to the blocking oscillator through the feedback trans¬ 
former. The output valve is a 6B6-G tetrode having a top- 
cap anode. The sawtooth injiut to its grid is made variable 
in amplitude for picture width control. The step-down trans¬ 
former in the anode circuit feeds the two horizontal deflection 
windings and a controllable shift current for horizontal centring 



Fi(}. 8.7c. The Cfiassis of the K.C.A. 7 in. Table Receiver 
{Courieny of R.C.A,, Ltd.) 


is injected in the same manner as in the frame circuit. The 
5V4G double-diode not only damps the circuit during the 
flyback but improves the efficiency of the circuit by converting 
part of the flyback energy into additional (‘‘boost’') voltage 
of about 50 V for the anode of the 6B6G driver. A portion of 
the flyback energy is recovered also in the E.H.T. supply 
which takes the flyback pulse wave generated in the trans¬ 
former primary, rectifies it by a H.W. high-voltage diode 
rectifier (8016) and smoothes the resulting direct voltage to 
7*5 kV for the final anode of the picture tube. H.T. to all 
stages is provided by a conventional circuit which employs 
a 6U4G full-wave rectifier. 




Fig. 8.8a. Block Schematic of the R.C.A. Combination Console Model 
{Courtesy of R.C.A., Ltd.) 
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8.8. The R.C.A. Combination Console Receiver. The television 
circuits of the R.C.A. combination (television-radio-gramo- 

f.;;,-;-'. , ■ • - ■ ■ ■ 



Fio. 8.8b. The R.C.A. Combination Console Receiver 
(Projection Model) 

(Courtesy of R.C.A.^ Ltd.) 


phone) console are much more elaborate than those of the table 
model described in the last section. While the R.F. unit is the 
same as used in the table model, both I.F. amplifiers contain 
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an additional valve and separate pentodes replace the double- 
triode in the V.F. amplifier. The additional circuits are used 
to provide A.G.C. on the vision receiver and automatic control 
of horizontal synchronism. A separate detector is used in the 
A.G.C. circuit; its output is amplified and applied directly 
to the first and second I.F. amplifiers and through a limiter 



Fig. 8.9a. The Philco Model 48-1000 Receiver 
{Courtesy of the Philco Corp., Ltd.) 

to the signal amplifier and mixer in the R.F. Unit. The V.F. 
signal is amplified both before and after separation and separate 
valves are used in each stage. The frame time base is very 
similar in circuit detail to that of the 7 in. receiver, but a 
pentode output valve is needed to provide sufficient output 
for scanning the larger (10 in.) tube. The automatic synchron¬ 
izing circuit was described in Chapter V. The line time base 
differs from that shown in Fig. 8.7a only in having a separate 
pentode and triode in the sawtooth generator instead of 
the double-triode; the pentode is the reactance-controlled 
oscillator. The increased number of valves calls for a larger 
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power supply and two 5U4G’s are paralleled in the rectifier 
circuit. 

8.9. The Philco Model 48-1000 Receiver. One of the most 
advanced receiver chassis in current production is that fitted 



Fig. 8.9h. The Philgo Model 48-2500 Console Projection 
Receiver 

(Picture size: 20 in. x 15 in.) 

{Courtesy of the Philco Corp., Ltd.) 

in the Philco Table Model Type 48-1000 receiver (Fig. 8.9a) ; 
a similar circuit is employed in the Console Projection Model 
Type 48-2500 (Fig. 8.9b). The general scheme of the circuit 
design will be clear from the circuit diagram given at Fig. 8.9d. 
In view of the ultimate possibility of seven stations being 
available in certain areas the receiver is of the superhet type; 
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the video and audio chains divide after the first I.F. amplifier. 
Both A.G.C. and A.F.C. are provided. Special features of the 
scanning circuits are the use of ‘'flyback E.H.T.” and of a 
“booster-damper” valve in the line time base. 

Referring to the complete circuit diagram (Fig. 8.9d) it will 
be noted that two ganged eight-way turrets are employed to 
select the inductors required for the channel it is desired to 



Fig. 8.9c. Top View op the Philco Keceiver Chassis 
{Courtesy of Philco Corp., Ltd.) 


receive; one changes the tuned input transformer of the R.F. 
amplifier (6AG5), the other switches the tuning and coupling 
circuits of the local oscillator (^6J6). The signal and the 
locally-generated oscillation are added together by connecting 
an inductor coupled to the oscillator into the lead from the R.F. 
amplifier anode to the control grid of the mixer (6AG5). The 
oscillator is of the Colpitts type and uses one section of a 
6J6 U.H.F. type double-triode; the other portion of this valve 
is arranged as a variable reactance and is coupled to the 
oscillator so that any change in the grid potential of the 
reactance valve shifts the oscillator frequency. The actual 
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control voltage is supplied by the discriminator in the sound 
channel (which, of course, handles an F.M. signal) and tends 
to keep the intermediate frequencies (26*6 Mc/s for vision and 
22-1 Mc/s for sound) constant. Both I.F.’s are handled by the 
first amplifier (6AC35) following the mixer valve, but beyond 
this stage the signal paths divide. 

The limiting amplifier in the audio signal channel employs 
two 7W7 pentodes with simple permeability-tuned couplings, 
both peaked to 22*1 Mc/s. The discriminator is a modified 
Foster-Seeley circuit called the ratio detector; it supplies a 
control voltage to the oscillator and a controllable (''Volume’’) 
audio signal to a 7B4 triode amplifier which provides adequate 
drive for the 7B5 pentode output stage, feeding the 6 in. 
permanent-magnet type moving-coil loudspeaker. 

The common I.F. amplifier is followed in the video signal 
chain by two further stages of amplification, using 6AG5 
pentodes. Each interstage coupling network consists of two 
damped permeability-tuned parallel LG circuits separated by 
a bridged-T resistance-tuned wave filter designed to have a 
sharp attenuation peak. The first filter tunes out the I.F. 
due to the sound carrier of the next lower television trans¬ 
mission (28-1 Mc/s), while the second filters off the sound I.F. 
of the channel being received (22-1 Mc/s). The various tuned 
circuits in the video I.F. amplifier are staggered to produce 
the required overall response curve (p. 191). The last tuned 
I.F. circuits feed two detectors in parallel and the two diodes 
employed are contained in a common envelope (6AL5). The 
output of one is smoothed by a CR filter to produce a voltage 
representative of the prevailing signal strength which is used 
to vary the gain of the A.G.C. triode amplifier valve. The 
method of A.G.C. employed is unusual, for the input to the 
amplifier is a sawtooth wave taken from the line time base 
generator. The output of the A.G.C. amplifier is, therefore, a 
sawtooth wave having an amplitude corresponding to the 
strength of the received signal. This wave is rectified by two 
parallel diodes elements contained in the same envelope as 
the A.G.C. amplifier, and the negative potential so produced is 
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smoothed and fed back to reduce the gain of the R.F. amplifier, 
common I.F. amplifier, and first video I.F. amplifier. 

^ The other detector diode is fed at its cathode to provide a 
negative signal for the first V.F. amplifier (6AG5). The coup¬ 
ling to the grid of this valve includes a single-section R.F. 
filter and a rejector circuit tuned to the carrier difference 
frequency (i.e. 26*6 ~ 22*1 — 4-5 Mc/s) is connected in the 
anode lead. The loss of the d.c. component of the video signal 
over the coupling capacitor to the next valve is prevented by 
operating the latter with a little fixed bias so that the positive¬ 
going synchronizing pulses draw grid current which re-estab¬ 
lishes the direct component by building uj) a steady charge in 
the coupling capacitor. The coupling from the V.F. output 
amplifier (7C5) is inductively compensated by an inductor in 
series with the C.Pv-.T. grid lead. The d.c. restorer circuit is 
unusual; the anode load of the V.F. amplifier is split to allow 
the 1N34 crystal rectifier to be separately fed and the rectified 
output is smoothed and connected in series with the V.F. signal 
transferred over a CR coupling from the other portion of the 
anode load. 

The video signal required by the synchronizing circuit is 
taken from the screen of the first V.F. amplifier. At this point 
the synchronizing pulses are positive-going and it is convenient 
to operate the common separator valve (7B5) as a clipper by 
making use of grid-current, no d.c. restorer being necessary; 
the synchronizing pulses draw grid current which builds up 
a d.c. component and the input amplitude is so large compared 
with the grid base of the valve that the entire picture signal 
lies beyond anode current cut-off. The separated synchronizing 
signal is transferred by simple CR coupling from the anode 
circuit to two parallel-triode amplifiers (one feeding each time 
base) housed in a common envelope (7F8). The amplifier 
feeding the vertical sawtooth generator is coupled to it through 
a single-section CR integrator having a split capacitor, while 
the line synchronizing amplifier is coupled to its time-base 
generator through a short-time-constant CR system. 

Both time-base generators are of the double-triode type, 
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in which the oscillator and discharge functions are separated 
while both output stages use a pentode and step-down trans¬ 
former. E.H.T. (7-13 kV) for the 10 in. cathode-ray tube 
(10BP4) is derived from the flyback y)ulse developed in the 
anode circuit of the line outj)ut valve. The double-triode 
(6A 87G) in the line deflector inductor circuit provides “boost” 
for the line output valve H.T. supply and damps the flyback. 
It also conducts on the forward scan during which it is grid- 
controlled in such a manner that the linearity is improved. 

Focusing of the picture tube is achieved by a combination 
of the electromagnetic and magnetostatic methods and an 
ion trap (''beam bender ”) is fitted. The H.T. supply is straight¬ 
forward but the heavy drain caused by the large number of 
stages used calls for two 5U4G type rectifiers. 
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CHAPTER IX 


THE RECEIVING AERIAL SYSTEM 

In view of the comparatively short range of U.H.F. signals, and 
the wide bandwidth of the vision signal, the receiving aerial 
needs more consideration than in broadcast reception and a 
special type of aerial is needed for satisfactory reception. 

9.1. Aerial Principles. The television receiving aerial system 
is quite different in form from the kind of aerial used for normal 
broadcast reception, due largely to the much smaller carrier 
wavelength employed, but it is based on exactly the same 
principles. These may be stated generally as follows— 

(i) When a conductor of any kind is placed in the path of 
a passing electromagnetic (i.e. radio) wave, it has a similarly 
varying current induced in it. 

(ii) This induced current will increase (at any rate up to a 
point, as will appear later) with the length of the conductor, 
and, for a given length, will be greatest— 

(а) when it lies parallel to the lines of electric force of the 
wave; this will usually be vertically (or nearly so), since 
most transmitting aerials are vertical and therefore transmit 
a vertically polarized wave; and, 

(б) when it is made to resonate with the oncoming wave. 

(iii) An improved overall response can be obtained by com¬ 
bining the pick-up of several separate conductors to form an 
“array.” 

In the case of a normal broadcast aerial, these principles 
cannot be fully exploited. Thus, if a straight wire is taken, as 
a start, and suspended vertically to correspond with the 
direction of the electric wave field, the current induced in it 
will increase continuously with increase in length until the 
latter becomes very nearly equal to one-half of the wavelength 
of the oncoming radiation. This progressive increase is due 
to two facts: 
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(а) the wire intercepts a larger portion of the received 

energy ; and 

(б) its resonant frequency is approaching that of the wave. 

Taking 10 m (— 39-4 ft) as about the maximum height for 

a home aerial, it will be clear that for wavelengths considerably 
greater than this, such a vertical wire will represent a quite 
inefficient aerial, chiefly because it is far from being in tune. 
There are three ways of improving its efficiency— 

(i) The lower end may be earthed. So far the effect of the 
earth has been ignored; actually, it forms a mirror image of 
the vertical wire so that when the lower end of the wire is 
earthed, its effective length is doubled. The height now required 
for resonance is A/4, where A denotes wavelength. 

(ii) The upper end may be connected to a horizontal con¬ 
ductor, e.g. at its centre, thus forming the familiar T aerial, 
or at one end, making an inverted L. 

(iii) A “loading” inductor may be inserted in series with the 
vertical wire, at its earthed end. 

In practice, at normal broadcast wavelengths, all three 
methods (which are designed chiefly to bring the aerial system 
closer to resonance) are used. The height is made as large as 
possible, the largest convenient “capacity top” is added, a 
sufficiently large inductance to bring the whole system to 
approximately the desired frequency is included between the 
aerial and earth terminals of the receiver circuit, and a variable 
capacitor is placed in parallel with the inductance for final 
tuning (see Fig. 9.1a). 

This loading of the vertical wire to form a relatively compact 
receiving system on medium and long wavebands and its 
similarity to the basic parallel LC tuning circuit has become 
so familiar that one may have forgotten the ability of a straight 
conductor to resonate at any one of a number of harmonically 
related frequencies, but it should be understood that the normal 
broadcast aerial is fundamentally a straight wire aerial modified 
to make it of convenient size, and when the wavelength is 
sufficiently small these modifications may with advantage be 
discarded. This property is, of course, due to the fact that 
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any conductor, although straight, and however short, must 
possess inductance; the latter will, of course, be small, hence 
tho use of a long wire formed into a coil when large inductance 
is required. Again, capacity effects will occur beitween points at 
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different potentials, which p.d. will inevitably occur—if only 
because of inductance of the portion of the conductor joining 
the two points. Hence an ap])r()ximate ecpiivalent circuit of 
a straight wire can be drawn as shown in Fig. 9.In. The 


-Thick Conductor 


II 

H — 7 -r Receiver 


i 


|bA2 


Transmission Line 
to Receiver 



Fiu. 9.1 b. The Dipole (Hertz) Aerial and the Equivalent 
Circuit 


closeness of approximation improves as the inductances and 
capacitances are made smaller and increased in number. 

It is not so obvious that the relationship between the natural 
frequency of-resonance of a straight conductor and its length 
should be so simple, although it is perhaps reasonable that 
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such a conductor will respond most to a wave of given length 
if it (the wire) extends in space over one complete range (in 
one direction or the other) of variation, i.e. over one-half cycle 
of the wave field, 'fhoro is an alternative way of regarding 
the straight wire resonator which will help the understanding 
of the relationship which will be given later (pp. 270-1). 

9.2. The Dipole Aerial. Returning now to the case of 
television reception, it will be obvious that the small wavelength 
employed allows the use of a straight conductor type of aerial, 
unearthed, and unloaded by L or C, and, moreover, that such 
an aerial will be inherently efficient. Another factor facilitating 
the use of such an aerial is the need, to date, of receiving only 
one television transmission to which the aerial may, therefore, 
be tuned. On the other hand, the television aerial must respond 
over a band of several megacycles to allow reception of both 
audio and video signals without appreciable loss of the side¬ 
bands contained in the latter signal. It will be shown later 
that the television waveknigth is sufficiently small to allow the 
use of two or more receiving conductors, thus making a simple 
array—this, of course, although desirable, is quite out of the 
question on medium and long wavelengths. 

Current and Voltage J)istribution : Impedance. Hav¬ 
ing developed the simple straight resonant-wire aerial, some¬ 
times called a Hertz, but more usually a dipole aerial, from 
the loaded or Marconi type of Fig. 9,1 a, it is important to 
study in detail the fundamentally different action of the former. 
In a tuned circuit, oscillating at a normal broadcast frequency, 
the amplitude of the current variation is the same throughout 
the circuit, i.e. at any point in the inductor or the lead from it 
to the parallel capacitor. This result is due to the fact that the 
magnetic field of the inductor is localized and separated from 
the electrostatic field which is largely confined to the space 
between the capacitor plates. When, as in the dipole aerial, 
the two fields are spread over a large space and occupy it 
together, they interact and cause the current amplitudes in 
the conductors to vary approximately sinusoidally along their 
lengths. The case of the half-wave dipole, which is the simplest 
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case of a ‘‘distributed L and C” circuit, is shown in Fig. 9.2a. 
When the dipole is set into vibration (electrically) by the 
oncoming wave to which it is tuned (by virtue of its length) 
the current and voltage amplitudes along it are as plotted for 
instants spread 90° apart through a whole cycle. This result 
can be understood by reference to Fig. 9.1 b. Since all the 
constituent inductances and capacitances take part together 
in the oscillation all the component currents charging and 



0° 90° 180°+ 270° ~ 360 = 0° 

P"iG. 9.2 a. Voltage and Cukrent Distribution along a Half-wave 
Dipole at Instants spaced 90" throughout the Cycle 

discharging the elementary capacitances will pass through the 
centre point of the conductor where current amplitude will 
be greatest. From this point outwards the total current will 
decrease due to the “tapping off” by the individual capaci¬ 
tances. As for voltage, the component voltages over the 
elementary inductances are in phase and add up to give maxi¬ 
mum voltage swings at the ends of the dipole and minimum 
voltage swing at the centre. Accordingly, the dipole impedance 
is minimum, actually about 73 f2, at its centre and greatest 
(about 4000 Q) at its ends. This impedance is nearly purely 
resistive at the centre and ends, but has a large reactive com¬ 
ponent at intermediate points. The actual impedance values 
depend chiefly on the thickness of the conductor. 

Bandwidth. The effective bandwidth of the dipole also 
depends on its thickness. It might be expected that increasing 
the thickness would lead to lower resistance and, therefore, 
lower loss and a more peaky response. This resistance change 
does occur but, due to the high frequency involved, its eflFect 
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is swamped by the change of LjC ratio. As the wire is thickened 
its capacitance per unit length increases and inductance per 
unit length decreases so that the equivalent LjC of the aerial 
falls and its response broadens despite the small drop in its 
resistance. For sufficiently wide response for television recep¬ 
tion the dipole diameter must not be less than about f in. 

The Folded Dipole. While the centre-point resistance of 
the simple dipole is of a convenient value for direct connection 
to a feeder of the coaxial type it may be 
desired to use a feeder of the air-spaced 
twin type which has a much higher char¬ 
acteristic impedance than a comparable 
coaxial cable. In this case a folded dipole 
is suitable; an additional dipole is placed 
a small fraction of a wavelength away 
from the original dipole and is connected 
directly to the latter at both ends (see 
Fig. 9.2b). For equal diameters the input 
resistance is multiplied four times (i.e. to 
about 300 D); by the use of unequal 
diameters the multiplication factor may 
be raised to 8 or more. The folded dipole 
with similar diameter elements is com¬ 
monly used for F.M. and television recep¬ 
tion in the U.S.A. 

Polar Diagrams. * When isolated in free 
space (this simplification avoids the effect of earthy objects) the 
dipole (single or folded) is most sensitive^ in the direction normal 
to its length; along its axis it picks up no energy at all. More 
generally, in the plane containing the dipole the sensitivity is 
represented by a “figure eight’’ polar diagram, as shown in 
Fig. 9.2c, while in the normal plane the corresponding diagram is 
a circle. In the practical case of a dipole mounted close to the 
earth’s surface, the latter forms an image of the actual dipole, 
which must be taken into account in computing the polar 
diagrams. Two principal factors govern these diagrams, namely 
♦ See Appendix 1 (§ A 1.9). 


feed io 
Receiver 


U- 

D«X 

Fig. 9.2b. The Folded 
Dipole is Formed by 

(JONNECTING A SECOND 

Element in Parallel 
WITH THE Single 
Centre-FED Dipole 

If both elements are of the 
same diameter the input 
impedance becomes 
about 300 Q. 


h 

2 



264 PRINCIPLES OF TELEVISION RECEPTION 

the orientation of the (iipole and its height, both relative to 
the earth. It is not necessary to make a detailed study of the 
pojar characteristics obtainable by varying these factors, since 
the receiving dipole should be placed to correspond with the 
electric polarization of the incoming wave and at as great a 
height as possible to ensure maximum signal pick-up. In this 
country vertical polarization was chosen; more recent investi¬ 
gations have led the Americans to adopt horizontal polarization, 



Fro. 9.2(\ Polar DiACiiiAMS ok tiik Dikolr (Simj’LK or Folded) 

IN Free Space, t.k. Oi tside the Effect of the Earth 

chiefly because it is less susceptible to interference, which is 
generally vertically ])olarized, 

9.3. The Reflector. Thus far an aerial consisting of a (single 
or folded) dipole only has been considered. While such an 
aerial is efficient and is used for television reception, it has 
the disadvantage (while the single-station condition remains) 
of being omnidirectional. If the directional property could be 
modified to make the dipole considerably more sensitive in 
one direction than in others, not only would its ‘‘gain” be 
correspondingly increased but it would be less susceptible to 
undesired interference. The most serious types of interference 
encountered are ignition interference from motor cars and 
multiple-path reception (due chiefly to wave reflection from 
adjoining buildings) of the signal. 

It is well known that if two or more dipoles are suitably 
placed and intercoupled an additive response and restricted 
angle of reception may be achieved—this fact underlies the 
design of the “arrays” used in S.W. transmission. While the 
economics of television reception preclude the use of a multi¬ 
element array, the desirable properties just mentioned can be 
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achieved in some measure by the addition of a second dipole. 
If this element is placed A/4 behind the normal dipole and 
parallel to it, the element will have current induced in it 
which will set up a field in direct opposition to the received 
wave field, which has already gone through A/4 since passing 
the normal dipole. Since the new field has to travel back A/4 
to the normal dipole, it arrives in phase with the radiation 
arriving directly from the transmitter. Thus, the current 
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induced in the dipole is increased. This reinforcement can only 
occur in the line joining the two dipoles and in the direction 
through the main dipole from the reflector. Away from this 
direction the degree of reinforcement falls; as a result, the 
polar diagram or radiation pattern (i.e. the locus of the vector 
tip representing sensitivity in its direction) instead of remaining 
circular, representing omnidirectional reception, becomes, for A/4 
spacing, cardioidal (i.e. heart-shaped) as shown in Fig. 9.3a. The 
shape of this pattern changes appreciably with dipole-to-reflector 
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spacing; it also varies with frequency. The spacing is not 
critical for normal reception provided it is within the 
range A/8 to A/4; the closer spacing allows a more rigid and 
compact structure without appreciable loss of performance, 
and while 0*17A gives maximum forward gain it is usually best 
to choose the spacing in regard to backward response. 

9.4. The Dipole-receiver Feed.* In view of the short range 
of the television transmission and of the high prevailing static 
(“noise”) signal occurring at ground level, it is necessary to 
mount the dipole as high as possible and to feed the energy it 
absorbs from the wave to the receiver without pick-up of 
interference. Some form of close-spaced double-conductor line 
is, of course, necessary for this purpose and of the two basic 
available types, namely “twin” and “coaxial,” the latter 
type is preferred in this country because it needs no impedance 
matching transformer and the outer conductor not only takes 
part in the transmission process but acts as a screen against 
interference. No steps are taken in commercial aerials to 
eliminate the resultant unbalanced aerial-to-feeder connection 
which reduces efficiency and impairs the screening effect of 
the outer conductor. It is better to use a screened twin feeder 
together with a folded dipole, as in the U.S.A., although this 
arrangement is more expensive. 

It will be remembered that when electrical power needs to 
be transferred from one circuit to another, e.g. from the output 
of a broadcast receiver to its loudspeaker, it is necessary to 
make the output impedance of the circuit supplying the power 
equal, or “match,” the input impedance of the circuit receiving 
the power. If the actual values of these two impedances differ, 
they may be made effectively equal by the use of a transformer. 
If matching is ignored, the efficiency of power transfer will not 
be maximum.. Bearing in mind this principle, it will be under¬ 
stood that the matching problem arises at both ends of the 
television receiving cable. Since matching can be done only 
between impedances which are substantially resistive, only the 
dipole centre or ends are suitable connecting points for the 
* See Appendix I (§ A 1.10). 
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feeder. Tapping into intermediate points introduces a- reactive 
component which needs an additional stub for its neutraliza¬ 
tion. Although centre feed means cutting the dipole at its 
centre, this method of connection is preferred to end feed 
because coaxial cable of convenient dimensions has an im¬ 
pedance (practically resistive) in the order of 100 Q, and, by 
suitable choice of dimensions (for a given dielectric), can be 
made to match the aerial centre impedance directly, i.e. without 
the need for a matching transformer. At the receiving end a 
correct match is obtained by using the inductor of the first tuned 
circuit as an an to-transformer; alternatively, an LC matching 
section may be used. 

Mismatching results not only in loss of signal power but in 
the setting up of standing-wave conditions in the feeder as a 
result of which the effective attenuation of the feeder increases 
owing to increased radiation loss and the degree of pick-up of 
locally-produced interference increases. Moreover, when an 
exceptionally long feeder is employed, echo signals may be 
observed on the raster, owing to the end-to-end reflection over 
the feeder, which arises because of mismatching at the feeder 
ends and causes the standing-wave conditions. This trouble 
will not normally be experienced, however, because the usual 
feeder run is too short. 

The action of the line is worth reviewing. At U.H.F. the 
leakage resistance across the line and the series resistance of 
its two conductors are negligible by comparison with the 
reactances of its series inductance and parallel capacitance. 
The inductance and capacitance of a line are completely distri¬ 
buted, but it is helpful to regard the line as a chain of LC sec¬ 
tions each made up of a very small L and C (see Fig. 9.4a). 

If a R.F. generator is applied to one end of a line of infinite 
length, current will travel down it, and, as a result of the 
interaction of the associated electric and magnetic fields, the 
following features arise— 

(i) The applied wave travels at a velocity very nearly equal 
to that of wave propagation in free space. 

(ii) The ratio of voltage amplitude to current amplitude is 
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constant over the entire length of the line. This ratio is called 
the “characteristic” or “surge” impedance of the line. 

,(iii) At all points current and voltage are in phase so that 
the characteristic impedance is purely resistive. 

(iv) The voltage and current phases change together in a 
continuous manner down the line, and, since the velocity of 
transmission is equal to that of normal transmission, points 
of similar ])hase occur at half-wave intervals. 

(v) There being negligible resistance in the line, energy 
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entering it is transmitted without loss, except for a small 
radiation loss which decreases with the conductor spacing. 

Now, if the line is of a finite length it will function similarly, 
provided it is terminated by a resistor equal to its characteristic 
impedance ; all the energy received by this resistor is absorbed. 
This is the matched condition. 

If the load resistance has a value different from the required 
value, the energy reaching it will not be completely absorbed; 
for, if R is too large, it will not pass the available current and 
the difference will dissipate itself by setting up a reflected 
current wave; or, if R is too small, there will be a surplus 
voltage which, again, will disappear in a reflected voltage 
wave. 

When these reflected waves occur, they interact with the 
forward wave in such a manner that the voltage and current 
amplitudes rise and fall along the line, as they did along the 
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dipole itself. The chief result is loss of signal strength in the 
receiver (see Fig. 9.4 e). 

Commercial Forms op Feeder. The most common forms 
of television receiver feeder in current production are— 

(i) the coaxial type with solid dielectric, 

(ii) the screened twisted pair, 

(hi) the unscreened straight twin. 

All three ty[)es are made with a characteristic impedance 
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of approximately 73 £2, in order to avoid the necessity of a 
matching device, by suitable choice of (a) the dielectric material 
in regard to its permittivity (i.e. its dielectric constant) and 
(d) the spacing and sizes of the conductors. The screened forms 
should be used except where interference-free reception is 
consistently enjoyed, when the cheaper unscreened straight 
twin may be employed. The coaxial is less “lossy,” and is 
cheaper than the screened twisted pair but is asymmetrical 
with respect to the dipole and less effective against interference. 
Polythene (or polyethylene) has been chosen by nearly all 
manufacturers as the dielectric material, while polyvinyl¬ 
chloride (p.v.c.), a tough plastic material, is generally preferred 
for the protective covering. Solid copper wire is used for the 
inner conductor(s) and copper braid or mesh for the outer 
conductor (in coaxial cable) or screen. Cross-sectional drawings 
of an example of each of the two basic types of cable are given 
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in Fig. 9.4c. The two inner conductors of the screened twin 
type are usually separately insulated, twisted (to reduce even 
fu^-ther the amount of pick-up), and embedded in a solid poly¬ 
thene core of circular cross-section. Three cables made by 
Belling & Lee, Ltd., are shown in Fig. 9.4d ; the principal 
characteristics of these cables are tabulated below. 

Development of the Dipole from the Twin Line. An 
understanding of the action of the transmission line provides 
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another way of considering that of the half-wave dipole, for the 
latter may be regarded as being formed from the line by having 
each side of the last quarter-wavelength turned outwards 
through 90° (see Fig, 9.4e). This point of view helps to explain 
the relationship between frequency and resonant length already 
noted (§ 9.2). 

The Vision-sounh “Splitter.” The use of a common 
dipole for vision and sound reception calls for a division of the 
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common feeder at the point where it enters the receiver if 
completely separate circuits are employed for reception of the 
two signals. It follows from transmission-line theory that by 
careful choice of the lengths of the two branch feeds a certain 
amount of discrimination against the undesired signal can be 
achieved in each. The lengths approximate a quarter-wave 
(which amounts to about 40 in. at 45 Mc/s, for polythene-filled 
cable) in each branch. The two “sub- 
feeders ” are usually coiled up inside the 
cabinet. 

9.5. The Complete Aerial System. The 

complete television receiving aerial nor¬ 
mally consists of two A/2 dipoles (the 
receiver and the reflector) mounted at 
opjiosite ends of a horizontal metal 
“cross bar” (forming an H), which is 
supported at its centre by a vertical pole 
strapped at its lower end to the building 
housing the receiver. In this country 
the two dipoles are arranged vertically, while in the U.S.A. they 
must be mounted horizontally to correspond with the standard 
direction of wave polarization (i.e. vertically and horizontally 
respectively). The dipole elements are made of steel, aluminium 
or copper-alloy tube and surface-treated against corrosion (zinc 
passivated in the case of steel). The receiving dipole must be 
insulated at its centre (where it is broken and connected to 
the feeder) but the reflector may be joined directly to the 
cross member. The latter is usually tubular so that the feeder 
may be taken through it. The need to break, insulate, and 
mount the receiving dipole at its centre leads to mechanical 
weakness at this point, and this failing has led to the wide 
adoption in the U.S.A. of the folded dipole whose unbroken 
member may be clamped at its centre directly to the cross-bar 
as indicated in Fig. 9.5a. 

In the U.S.A. the aerial problem is acute for four reasons— 
(i) Up to eight stations may be within receiving range (when 
all stations are commissioned); 
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(ii) These stations may be operated on widely-differing 
frequencies and be located in quite different directions: 

(iii) The higher carrier frequencies used accentuate “ghost” 
leception; and 

(iv) The tall buildings act as screens and make it difficult 




Fio. 9.5a. Till: Most Commonly tJsp:r> Aerials for Television 
Reckiption 


to arrange a good aerial location without the use of a long 
feeder. 

When it is desired to operate a normal broadcast receiver 
together with a television receiver (i.e. at the same location, 
but not simultaneously) although it is better to employ entirely 
separate aerials specially designed for each purpose, it is cheaper 
and more convenient to adapt the television aerial for broadcast 
reception. The simplest method is to use a covered screened 

lO—(T. 575 ) 





AND SOCKiT TERMtNATlON 
OF TELEVISION FEEDER 


Fig. 9.5b. A Typical (^^ommercial Television ano BuoAnoAsr 
Aerial System 
{.CourUgy of Belling <t* Lee^ Lid,) 












THE IiE(^EJVr>JG AERIAL SYSTEM 275 

feeder loi* the television aerial and provide a changeover switch 
at tlie receiver input to aJlow^ the outer screen to be earthed 
lor television leception or connected to the aeiial terminal of 
the broadc^ast jeceiver. Altej‘natively the television reflector 
aiid the horizontal cross-bar to which it is joined may be used 
as the broadcast aerial and connected to the receiver thrf)ugli 
a separate screened feeder; a mat ching transformer is necessary 
at each end of the receiver feeder. A typical commercial 
arrangement of this kind, made by Belling Sz l^ee, Ltd., is 
shown in Fig. fl.on. 

It is well worth wliile to em])loy a complete television and 
bioadcast aerial which has been designed as an integral system 
and to have it installed by the manufacturer's installation 
dej)ai*tment. The height. ]K)sition and orientation of the 
a(‘iial should }k‘ systematically varied to achieve optimum 
signal to iiiteifei'ence ratio. Fhe entire system should be 
dismantled, cleaned and checked at least annually. 

9.6. The Tilted-wire Aerial. A form of tilted-wire aerial has 
been developed for television reception by Ltd.* It 

is su})erior to the dipole-reflector combination in regard to its 
directional properties and so is less susceptible^ to interference 

as is shown by the com])arison of horizontal polar diagrams 
in Figs. 9.()A and 9.;1a. A wire extending over several wave- 
kmgths is set uj) at an angle of 45^' to the horizontal and in the 
vertical plane through the direction of the incident wave, as 
shown in the figure. One end of the wire is effectively earthed 
through a non-reflecting (i.e. matched) resistive load and the 
other end is matched into a coaxial line which feeds the receiver. 
The important feature of the aerial is the insertion of small 
caj)acitors at regular intervals in the line; these decrease the 
equivalent length of the wire, to compensate for its upward 
tilt, by raising the phase velocity to \/2 that of the incident 
wave. But for this feature, which leads to a reasonably compact 
structure, this aerial would not differ fundamentally from the 
Beverage aerial which was used in the early days of wireless 

* E. C. C!ork, J. L. Puwsey, and M. B. Manifold; British Patents Nos. 
490414; 493758. 
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transmission. An e.m.f. is induced at each point of the wire 
and is propagated both ways along the wire, and since the wire 
is phase corrected, these elementary e.rn.f.’s will combine 
additively. It is not necessary to use actual ca})acitors; 
instead, the wire may be cut into lengths and adjacent ends 
twisted together. Again, where it is not convenient to use the 



Fic. 9.6a. Tjik E.M.I. Tilted wiki: Akuial and Cokkesponding 
IN)LAK IIIAIDIAM 


earthed terminating resistor, the line may be connected at its 
remote end to the centre point of a compressed dipole, i.e. 
one having coiled arms, which is substantially earthy. 

9.7. U.H.F. Propagation. Owing to the short length of the 
waves used for television transmission, reliable reception is 
limited to an area of radius not very much greater than the 
direct line-of-sight between the transmitting and receiving 
aerials. By comparison with the considerably greater range 
of longer waves this reduction is due to the inability of the 
ionized layers of the upper atmosphere to bend back electro¬ 
magnetic waves shorter than about 8 m, and to the limited 
extension of range beyond the optical provided by diffraction 
round the earth’s surface. Not only is reliable reception 
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provided only by the ground wave but the latter suffers from 
severe attenuation and rapidly falls to an unusable level. 
Very often, however, strong reception up to distances of 
several hundred miles has been experienced for short periods. 
Such “freak” reception has been attributed to refraction at 
atmospheric discontinuities (e.g. a moving cold front pushing 
up masses of warm air into the upper atmosphere), to the 
temporary existence of an ionized layer (called the “sporadic 
E ”), and to reflection of very low angle radiation by the regular 
E and E layers during extreme conditions of ionization as may 
occur at the height of the sun-spot cycle. A further factor 
contributing to short range is the low-power output of existing 
television transmitters by comparison with those of lower- 
frequency broadcast stations. 
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CHAPTER X 


RECEIVER TEST EQUIPMENT AND PROCEDURE 

The inaiiufaeture, initial testing, and setting up of a television 
reeeiver in the factory re(]uires greater skill and care on the 
])ai t of th(^ o])eratives and technicians and Jiiore elaborate test 
equipment and procedure than a broadcast receiver. Not only 
is the amount of circuit detail considerably greater but the 
additional stages (scanning, synchronizing, etc.) are ditferent 
in kind. Moreover, the eye is far more critical of performance 
tlian the ear, so that tolerances are narrower and adjustments 
more critical than in a broadcast set. 

10.1. Initial Testing and Setting Up. When the chassis (as 
a wliole, or as a group of separate units) has been assembled, 
wired, and mechanically inspected, it is given some form of 
systematic manual or semi-automatic resistance check to ensure 

that connections have been correctlv made and shoit-cireuits 

« 

are absent. Particular care is needed in the wiring of the signal 
(radio-)frequency stages where connecting-wire lengths are 
critical and perfect joints are essential. The various sections 
of the complete circuit are then tested for performance before 
being fitted to the receiver cabinet. The more imj)ortant of 
these checks, some of which will be described in the following 
sections, are the sensitivity of both receivers, video receiver 
response-curve shape, sound rejection ratio in the video 
receiver, synchronizing-circuit shaping action, time-base ami3li- 
tude and linearity, and E.H.T. supply voltage. The assembled 
receiver is tested on an actual transmission, or a locally gener¬ 
ated simulation of it, ‘'soak tested” for several hours and 
finally re-checked on a transmission. 

10.2. Alignment of the Signal Circuits. In the alignment of 
the signal circuits of the average broadcast receiver the tuned 
circuits are all "peaked” to the carrier frequency or its I.F. 
equivalent and provided the sensitivity of the entire chain of 
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amplifier stages is within tolerance no further check of the 
overall response is made, except possibly one or two s])ecial 
tests on such factors as image-signal rejection. In the television 
receiver, however, the actual shape of the overall response 
curve must be examined and adjusted closely to a definite 
standard to ensure that, so far as the signal circuits are con¬ 
cerned, the complex picture signal will not be seriously dis¬ 
torted. It will be remembered (Chapter VI) that it is the usual 
practice to ‘'stagger'' the tuned circuits over the required 
frequency band in order to achieve a sufficiently wide response. 
The only reall}^ satisfactory alignment procedure for such 
circuits involv^es the use of a frequency-modulated oscillator 
(“ wobbulator'’), an accurately calibrated signal generator 
(“marker”) and a cathode-ray oscilloscope (“C.R.O.”). At 
present a large number of commercial oscilloscopes and cali¬ 
brated signal generators of suitable types are available and it 
will be assumed that the reader is generally familiar with their 
basic action and uses (otherwise see Bibliography at the end 
of this chapter), but very few suitable wobbulators are manu¬ 
factured. In the factory, of course, the necessary equipment 
is locally designed and constructed to suit requirements. The 
frequency-modulated oscillator must provide a constant ampli¬ 
tude output whose frequency sweeps over the required band 
and be fitted with controls over amplitude, central frequency, 
and frequency deviation. 

It is best to commence the alignment by tuning all circuits 
to the carrier (or its I.F. equivalent). The calibrated signal 
generator (with modulation on) is used as the signal source, 
the C.R.O. is tapped into a convenient signal point in the 
V.F. output stage to indicate the response, and each stage is 
aligned in turn, working backwards from the last signal ampli¬ 
fier towards the aerial, as in the alignment of a broadcast 
receiver. The frequency-modulated oscillator may then be 
brought into use to obtain a visual picture on the C.R.O. of 
the overall receiver response curve. A portion of the modulating 
voltage used to vary the oscillator frequency of the wobbulator 
is fed to the C.R.O. and used (after amplification, if necessary) 
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instead of the internal time base, so that as the oscillator 
frequency varies, the resultant vertical displacement of the 
C.R.O. beam (which measures the receiver response) is accom¬ 
panied by a progressive horizontal displacement and, as a 
result, the C.R.O. spot traces out a curve of amplifier output 

Output to 
y Plates 



‘Cathode Ray 
Oscilloscope 


Sweep Voltage to X Plate(s) 


Fjii. 10.2a. liASK' Sc'HKMATK’ FOTt PLOTTTN'r; OVEKAI.L liKt'KlVKR 
Kf.sponsi-: rsr\(; thf Wohhi lator and tkf C.R.O. 


versus frequency (see Fig. 10.2a). In the case of the superhet 
the F.M. oscillator is connected firstly to the input of the first 
I.F. amplifier. The accurately-calibrated signal generator is 
then connected to each I.F. stage in turn and the coupling 
networks successively adjusted to make the response curve fit 



Fkd 10.2b. a 8ta(;e ix the “Visual AuKiNMENT” of a 
Si perh et Receiver 


the required shape. The purpose of the marker is, of course, 
to provide a frequency reference. Thus, if the last tuned 
circuit is required to tune to a frequency 2 Mc/s (say) above the 
carrier, the marker is set to this point to mark the C.R.O. trace 
and the tuned circuit is adjusted to produce a maximum 
response at the point on the curve so marked. As alignment 
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proceeds, the individual response peaks inei’ge into a relatively 
even response. 

The same pnjcedure is carried out with the signal stages, 
after ajipropriate change of the frecpiency band swejit by the 
wobbulator and transfer of its output to the aerial input 
circuit (see Fig. IP.2 b). 

The sound rejectoi’ circuits are tuned in the same manner 
as the individual tuned signal circuits, i.e, using the accurate 
generator to mark the rejection frecjuency and the F.R.O. to 
indicate minimum (rather than maximum) response. 

10.3. Checking the Synchronizing and Scanning Circuits. 
KSatisfactory checking of the output amplitude, waveform and 
synchronism of the scanning circuits is usually carried out by 
applying to the reccM ver a test signal reju esenting a still picture, 
i.e. a signal ha\ing exactly the same synchronizing waveform 
as the standard transmission with a picture component C'orre- 
spondirig to a steady scene or pattern. Such a signal is necessary 
to allow continuous testing in view of the short programme 
periods at present a^'ailable and is desirable since a steady 
picture specially designed to exhibit the circuit chai’acteiistics 
is more elfective for test pur})oses than the average “live” 
transmission. 

Most receiver manufacturers have built their own test signal 
generator using as a basis the block schematic of the transmitter 
given in Fig. I.IPa, Two types of picture modulation are 
necessary: firstly, a resolution ])attern, such as the test card 
radiated by the transmitter before programmes (a B.B.C. 
example is given in Fig. 10.3a), suitably designed to provide 
checks on linearity, raster shape, frequency response, etc., 
and, secondly, modulation corresponding to an actual scene 
to enable the modulation characteristic of the receiver and 
cathode-ray tube and the focusing of the latter to be checked. 

The resolution pattern may consist simply of a grid of 
black and white squares forming a checker board, which, with 
sufficient subdivision (of the order 10 by 8 is adequate) allows 
the raster shajie and time-base linearity to be adjusted together 
with a finer subdivision produced by high-frequency (up to 
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or more Mc/s) modulation wdiich allows a chock to l)c made 
on the overall I'csponse. d'he s(|iiare inodulatin<r wa\-e needed 
in the line directioti is iisuallv produced by locking a scpiare- 
wa^•e gemerator to a multiple of the freqmmcy of the master 
oscillator of the synchronizing signal gencratoi’, while the 



10<;. lO.liA. Till-; n.lt.C. Ti:st Caiu) 

{('(Hirft'xt/ of " Kh'rtnmir luu/ihi'cn'nti") 


^'CTt ical modulation can ])e taken from one of the stages in the 
eiiain wiiich divides the master-oscillator frequency down to 
frame frequency. The high-frequency modulation is generated 
independently, mixed with the low^er-frequency components, 
and the resultant combined with the output of the synchron¬ 
izing signal to form the complete composite signal. The latter 
is used to modulate a low-])ower transmitter operating on a 
vision carrier frecpiency and the modulated w^ave fed to test 
positions over a coaxial cable. 

Servicing in the home or shop during periods of no trans¬ 
mission requires, ideally, a complex generator of the ty|>e used 
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in the factory, but for reasons of cost and portability a 8inij)Ie 
pattern generator capable of producing only a rough approxi¬ 
mation to the standard waveform must be used. A typical 
example is the Ekco generator shown in Fig. 10.3 b. 

The other form of modulation required for factory receiver 



Fic. 10.3b. Thk Ekco Pattkbn Genejiator 

This i)n>\iih's a 45 >Ip/.s sijjiial MuxluhitcO by lint* and franu* frcfiut'ncy pulses 
which carry throUKh the ]uctiire iieriods and form a pattern ()f one liorizontal 
uroy bar aiid two vertical black bars syiunu'trically arrauKed on a white 
backgrountl (see llefert'iice fi). 

{('(turtfHU of E. K. ('ole. Ltd.) 

testing is produced by a still picture generator tube (usually 
called a “Monoscope” (R.C.A. Trade Mark) ). An example is 
the Cathodeon tube shown in Fig. 10.3c, which can be supplied 
with a signal plate carrying a simple resolution pattern (Fig. 
10.3 d) or one of two still pictures. 

The picture generator tube is generally similar to a cathode- 
ray tube and has a conventional electron gun, but the fluor¬ 
escent screen is replaced by a target plate. The Cathodeon 
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tube uses normal electromagnetic focusing and defiect ion induc¬ 
tor assemblies and the target ])late coating is treated b\^ a photo¬ 
graphic process to make its secondary emission vary from 
point to point over its surface in corresj)ondeuce with the 
desired picture. When the 
surface is scanned by the 
electron beam the varying 
secondary emission induces 
a similarl}^ varying ]ioten- 
tial in the target plate 
carrying the emissiv^e coat¬ 
ing and this potential is 
taken out to a terminal at 
the end of tlu' envelope. 

"Fhe resolution of the pic¬ 
ture is of the order of 
1000 lines. 

The tube and its auxili¬ 
aries are shown in schema¬ 
tic form in Fig. 10.3u. The 
output signal is mixed with 
the synchronizing signal 
and used to modulate a 
carrier-frequency R.F. sig¬ 
nal generator. 

Returning to the prob¬ 
lem of checking the scan¬ 
ning and synchronizing 
circuits, the equipment 
just described is used to feed the receiver with the R.F. 
test signal and the picture (or resolution pattern) repro¬ 
duced is analysed for defects over a specified range of 
operating conditions. There are no generally accepted 
tolerances for such properties as linearity or degree of syn¬ 
chronism and performance is usually assessed by a techni¬ 
cian thoroughly experienced in the receiver type under 
test. 
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10.4. Analysis of Receiver Defects. Wliile it is ])robable 
that a receiver that has been correctly set up and properly 
installed will continue to function for a long period with no 
attention a])art from occasional resetting of preset controls, 
its performance will usually be somewhat less reliable than 
that of a broadcast receiver and faults may arise. Many defects 
will be relatively simple and easy to correct, but (juite com])lex 
faults may occur and will })rove difficult to locate unless a 
systematic check, based on the j)eculiarities of television 
receivers, is adhered to. While fault-finding (and servicing 
generally) is beyond the scope of the present book, a review 
of the ])roblem will throw a useful light on (;ircuit action 
discussed in previous chapters. 

When symptoms of incorrect operation ap})ear, the first 
^tep should be a careful analysis of them and of interrelated 
efiects. firstly, with the object of determining definitely 
whether the fault is within the receiver or due to some external 
agency such as pick-up of spurious signals or faulty trans¬ 
mission. and secondly (in the case of a defective receiver) 
which portion of the set is at fault. The ex}>erienced viewer 
will have little difficulty in distinguishing between faulty 
transmission and reception, and will recognize spurious signals 
when they a]:)])ear. 

For the second stage of the investigation the picture tube is 
used in effect as an oscilloscope and, with intelligent interpreta¬ 
tion, provides a great deal of useful information when faults 
occur. When observing the raster the controls should be 
checked for correct setting and then varied systematically and 
the effects noted. By this procedure the most elementary 
faults, due to incorrect setting of controls, will be eliminated, 
and, in more difficult cases, useful clues may be provided which 
will help subsequent fault tracing. Thus, where a time base is 
fed with H.T. cuiTent through the focusing inductor it may be 
found that reduced scan amplitude is accompanied by inability 
to focus, indicating the probability of low H.T. voltage due 
perhaps to a high decoupling resistor or a leaky decoupling 
capacitor. 
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The principal picture defects may be grouped under the 
following headings— 

(i) Quality of picture, i.e. degree of focus, brightness, depth 
of modulation. 

(ii) Geometry of raster, i.e. size (height, width), linearity, 
shape (“squareness’’), ])osition (“cemtring”). 

(iii) Synchronism of picture. Partial or complete failure in 
one or both directions ; ‘‘pairing,” etc. 

(iv) vSpurious signals, e.g. ignition interference. 

(v) Constancy of picture, e.g. intermittent operation. 

In the simpler cases the fault will be definite and permanent 
(i.e. not intermittent) and will apj)ear as a single defect. For 
example, the j)icture may (i) fail to focus, (ii) have insufficient 
width, or (iii) completely fail to synchronize in one direction. 
Very often, however, one fault causes secondary effects and 
care must be taken in deciding on the basic trouble. Thus, if 
the vision receiver gain drops considerably (owing. })erhaps, 
to a faulty amplifier valve) synchronism will be lost, probably 
in the horizontal direction only if the reduction in gain is not 
great, or in both directions if considerable, and may give the 
impression of increased picture size because an unsynchronized 
raster usually enlarges to a marked extent when it loses 
synchronism. These two secondary faults may camouflage 
more direct results such as reduction of brightness and of 
contrast. A slightly different example of inter-related effects 
arises from the inter-dependence of spot brightness, degree of 
focus and deflection sensitivity, for as the final anode voltage 
is decreased, brightness falls, fineness of focus changes and 
the raster increases in size due to the fall in deflection sensi¬ 
tivity. All three symptoms may become quite marked if the 
E.H.T. voltage drops considerably. 

In many cases the relationship between the various symp¬ 
toms is not so obvious or fundamental as in the case just quoted 
and two or more apparently quite unrelated effects may occur 
together. These are usually due to the use of the same H.T. 
supply or of common signal circuits. A simple example is the 
cessation of both sound and vision signals due to the failure 
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of a common R.F. amplifier or mixer. Similarly, failure of a 
common synchronizing signal separator will cause loss of both 
line amd frame synchronism. Again, where the focusing circuit 
is used to drop the H.T. voltage from the high value (300 V 
or more) required for the time bases to the lower (200-250 V) 
level needed by the signal stages, a fault in the focusing circuit, 
causing failure to focus, may also result in reduced gain or 
complete stoppage of the receiver. Finally, where the loud¬ 
speaker field is used for smoothing purposes in a common 
H.T. supply, a fault (e.g. shorted turns) in the field winding 
could result in considerable 50 c/s ripple in the output of the 
H.T. supply and speaker hum might be accompanied by dark 
bands across the picture. This inter dependence is not neces¬ 
sarily undesirable and from the fault-finding point of view, it 
can be extremely helpful; thus, to give a simple illustration, 
if common signal stages are employed and one signal (i.e. 
sound or vision) disappears, leaving the other substantially 
unchanged, the common stages can be assumed to be working 
correctly. 

Returning to the problem of analysing the observed picture 
defects it will be clear now that a correct interpretation, which 
should be reached before any but the most simple tests are 
made, may require a knowledge of the circuit diagram. 
Given the latter and a correct interpretation of the observed 
symptoms, it should be possible to decide with some certainty 
where the fault lies and to devise appropriate tests. 

For rapid and efficient fault-finding the following apparatus 
is essential— 

(i) an accurately calibrated U.H.F. signal generator, 

(ii) a frequency-modulated U.H.F. oscillator, 

(iii) video signal (‘‘Pattern’’) generator for modulating (i), 

(iv) a cathode-ray oscilloscope, 

(v) electrostatic voltmeter, 

together with normal test equipment such as a multi-range test 
meter. A great deal, of course, can be done without some of 
these items (e.g. (iv), (v) ). Items (i), (ii), (iv) are needed for 
checking alignment, which should not be attempted without 

II—(T.575) 
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following the manufacturer’s alignment schedule, while (iii), 
which may be incorporated with (i), is essential for serious 
work outside live-transmission periods; (iv) is particularly 
useful for checking the synchronizing and scanning circuits, 
and (v) almost essential for testing E.H.T. in projection tube 
supplies. 

It will be understood from earlier sections that any detailed 
fault-finding scheme can apply accurately only to a particular 
receiver. It may be helpful, however, to review the more 
common symptoms and their causes. 

Complete absence of the spot from the C.R.T. screen may 
be due to (i) no heater current, (ii) excessive grid bias, (iii) o/c* 
cathode, (iv) no accelerating voltage, (v) o/c anode. Excessive 
grid bias is often due to loss of contact between the wiper and 
track of the Brightness control; or it may be due to failure 
of the video output stage, in circuits where the anode of the 
latter is directly connected to the cathode of the cathode-ray 
tube. Failure of the E.H.T. supply is quite common and may 
be caused by failure of the rectifier valve, smoothing capacitor, 
or A.C. supply. When an E.S. type voltmeter is not available, 
an indirect check can be obtained by metering the current 
taken by the ‘‘bleed” circuit across the smoothing capacitor. 

Total failure of both time bases which leaves the spot un¬ 
deflected at the centre of the screen, will almost certainly be 
due to a failure in the common heater or H.T. supply, because 
the two circuits are (usually) otherwise completely independent. 
In the case of failure of only one scanning system the first step 
(except when a single-stage current oscillator is used) should 
be to determine whether the output valve or the sawtooth 
voltage generator is at fault. This can be done very readily if 
a C.R.O. is available by probing back through the circuit from 
the deflector inductor connection toward the saw tooth gener¬ 
ator grid. Otherwise normal circuit-checking methods will 
usually yield useful clues. The valves employed in the two saw¬ 
tooth generators are often of the same kind, thus allowing quick 
interchange as a first step. The most common faults in time 

* » open circuit. 
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bases are failure of the valves and of the scanning components 
(i.e. output transformers and deflection inductors), particularly 
on the line side. 

The most difficult section of the entire set is the synchron¬ 
izing system, although if a signal is being received at the video 
input to the system and a suitable C.R.O. is available, a check 
of the waveforms should lead quickly to the root of the trouble. 

Valve failure is the most common cause of loss of signal 
strength, but the possibility of a fault developing in the aerial 
and feeder system should always be borne in mind. 
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CHAPTER XI 


COLOUR TELEVISION 

The problem of televising scenes in their natural colours is 
more complex than transmission of a '‘black and white” 
picture (i.e. of a "monochromatic” equivalent of a scene 
containing a variety of colours). Not only must the brightness 
of each element be transmitted, together with information 
identifying the relative positions of the elements, but, in 
addition, an electrical I'epresentation of the colour of each 
element must be included. The problem of deriving this 
representation is difficult because any portion of an actual 
scene, however small, will, in general, be the source not of a 
relatively pure colour, but of a band of constituent colours 
which together form the composite colour actually seen. 

11.1. Colour and Colour Vision. Physically visible light is 
electromagnetic radiation occupying the waveband 0-00004 to 
0*00008 cm (approx.). The first clue to its nature was pro¬ 
vided by Newton when he showed that a narrow beam of 
sunlight in passing through a glass prism is split up into a 
continuous band of colours which range from red at one 
extreme through a variety of hues to violet at the other. 
The intermediate colours were found to be divisible into a 
number of relatively distinct bands. The subdivision is not 
unique, however, and although it is popularly understood that 
there are seven such bands (the so-called "colours of the 
rainbow”), scientific workers in this field have decided on 
different classifications. Thus Abney, one of the early authori¬ 
ties on colour, decided on the following subdivision— 

Red . . . End to 0-620 fx Blue-green . . 0-613 to 0-600 fx 

Orange . . 0-620 to 0-592 fx Blue . . . 0-600 to 0-464 fx 

Yellow . . 0-592 to 0-578 fx Ultramarine . 0-464 to 0-446 fx 

Green . . 0-578 to 0-513// Violet . . 0-466 to End 

where (the "Micron”), a unit of wavelength adopted for 

optical work, is equal to 1/1000 mm. It is generally agreed* 
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however, that there are five very distinct hues, namely red, 
yellow, green, blue, and violet. By using further prisms, 
apertures, etc., Newton was able to separate out quite narrow 
bands of the spectrum formed by the first prism and to recom¬ 
bine them in any desired manner. It was found in due course 
that when electromagnetic radiation (such as light) passes from 
one medium (such as air) into a region having different optical 
properties (such as glass), it is deviated or refracted by an 
amount which depends, among other things, on the frequency 
of the radiation. Thus red light is deviated to a greater extent 
than blue light. The general effect is analogous to the deviation 
of an electron beam in passing from one region to another 
having a different potential (Chapter III). 

Newton showed that recombination of two distinct spectral 
colours produced an intermediate hue and demonstrated the 
possibihty of synthesizing white light by showing that a disc 
printed in angular sections of suitable width with the seven 
constituent colours appeared substantially white when rapidly 
rotated. 

It can be shown by simple experiments of the kind just 
described that if more than one colour is presented to the eye, 
it cannot distinguish between them but recognizes only the 
resultant colour. Moreover, it cannot readily detect whether 
the constituent colours co-exist or appear in rapid sequence; 
in other words, persistence of vision causes successive presenta¬ 
tion of the same colour to appear as continuous existence. 
Before showing how these two properties are used to advantage 
in colour television, it will be necessary to discuss briefly certain 
colour relationships and to consider apparent colour of actual 
objects. 

The constituents of white light may be divided into two 
groups each of which when viewed separately from the 
other, will appear as a certain colour, depending on the way 
in which the subdivision is carried out. The two resultant 
colours are said to be ‘"complementary,” because, taken 
together, in correct proportions they recombine to produce 
white. 
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Examples are— 

Red (0*66 f.i) and bluish-green (0*49 //), 

Yellow (0*59 fj.) and blue (0*48 /i) 

Greenish-yellow (0*56 /i) and violet (0*43 ^jl). 

The combination of complementary colours is an example 
of colour synthesis by addition. It is equally possible to obtain 
certain colours from an existing colour by a subtractive process. 

In order to synthesize any colour encountered in nature (as 

distinct from the spec¬ 
tral hues) it is necessary 
to use three components. 
These are not unique, 
but red, blue and green 
are usually chosen and 
have been used in all 
trichromatic television 
systems demonstrated to 
date. 

The trichromatic 
method of colour syn¬ 
thesis has been illus¬ 
trated graphically by Maxwell in his colour triangle, of 
which frequent use is made in colour, television literature. 
The pure constituents are represented b 3 ^ the three vertices 
of an equilateral triangle (see Fig. 11.1a). A combination of 
any two of the constituents has a representative point on the 
side joining the two corresponding vertices and the exact 
position of this point measures the relative brightness of the 
two components. The actual brightness of any component 
ranges from zero along the opposite side of the triangle to 
maximum at the vertex and is measured perpendicularly to 
the opposite side. In the simplest case the three constituents 
are so chosen that when they are all present together and with 
equal brightness they produce white. The point representing 
white Ues at the exact centre of the triangle. It will be noted that 
each point in the triangle represents a distinct resultant colour; 


RED 



Fio. 11.1a Maxwell’s Colour Triangle 
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the locus of the spectral colours is shown by the calibrated 
curve. 

A more convenient form of representation called the 
“chromaticity diagram” (Fig. 11.1 b) has been developed from 
Maxwell’s triangle. It is drawn on the basis of equal total 
brightness, i.e. of the formation of different colours by varying 
the intensities of the three constituents while keeping their 

G 



Fir,. 11.1 b. The Chromaticity Diagram 

sum constant. Thus for unit total intensity, we have r + g b 
~ 1, where r, g, b represent the brightness of the red, green, 
and blue constituents respectively and are called the tristimu¬ 
lus coefficients.” A right-angled triangle is used and arranged 
so that the sides containing the right angle provide reference 
co-ordinates as in an ordinary (Cartesian) graph. The intensity 
of the red component is measured along the X-axis in the 
positive direction (i.e. rightwards), while the intensity of the 
green component is measured along the Y-axis, also in the 
positive direction (i.e. upwards). It is not necessary to use 
a third axis for representing the blue because its intensity is 
automatically determined when the intensities of the red and 
green have been fixed; thus, from the above relationship, 
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b = l~ r— g. The triangle is completed by joining the point 
O 7=1 1-0 on the Y-axis to i? ~ 1-0 on the X-axis; the intensity 
of the blue component therefore ranges from zero at any point 
on this line to maximum at the origin (7^ ™ 0, 6? —■ 0). Colours 
range from blue through the purples to red along the axis 
i? r- 0 to 1, from blue through the blue-greens to green along 
the axis G -- 0 to 1, and from green through yellow and 
orange to red along the line joining — 1 to i? — 1. The 
positions of the spectral colours are shown on the calibrated 
curved line. White, being the result of equal proportions of 
red, blue and green, is represented by the centre of the triangle 
(r -- 0*33, g 0-33). 

Turning now to the question of the colour of actual bodies, 
it will be understood that the apparent colour of an object 
will depend on the composition of the light falling upon it 
anil on its absorption and reflection characteristics. Thus a 
body which absorbs certain components of white incident light 
and reflects the remainder, will have the colour complementary 
to that which is absorbed. To take specific examples, glass 
which appears red in white light owes its colour to the fact 
that all other components of the incident light are largely 
absorbed, while gold leaf appears golden by reflected light but 
green by transmitted light. These effects are used to advantage 
in colour television, as will be explained in later sections. 

11.2. General Methods of Colour Transmission. With the 
foregoing introduction to colour and colour vision it will be 
possible for the reader to understand the methods of colour 
television so far demonstrated and to follow subsequent 
developments in the literature. Up to the present, no standards 
of transmission have been decided upon and technique has 
not crystallized to an extent allowing treatment in other than 
general terms. On the other hand, existing experimental 
transmissions may be classified into two types called ‘‘simul¬ 
taneous’’ and “sequential” respectively. An important con¬ 
sideration is the desirability of developing colour television as an 
extension of black and white picture transmission so that exist¬ 
ing receivers may be switched to receive either type of signal. 
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It will be understood that equipment used for black and 
white transmission may be adapted to transmission of any 
particular colour merely by using a camera mosaic material 
which is sensitive to the desired colour and a picture tube 
fluorescent screen having a similar spectral characteristic. 
On the basis that any natural colour may be accurately repro¬ 
duced by a combination of three ‘'primary’’ components, 
two distinct methods of transmission are feasible. In the more 
obvious method the red, green, and blue components of the 
light from the scene are transmitted separately over three 
entirely separate channels and the three coloured images 
finally produced are superimposed at the receiving end. This 
technique is called simultaneous transmission in contra¬ 
distinction to the sequential method, in which the three 
component pictures are transmitted in turn, over a single 
channel. The two methods differ much less than would appear 
from this brief statement. The paramount consideration is 
the frequency bandwidth occupied by the transmission as a 
whole, and this is of the same order in the two cases since the 
bandwidth required depends on the amount of detail to be 
transmitted rather than on the means used for transmitting it. 
A more detailed comparison must be deferred until the two 
methods have been described in greater detail. 

11.3. The Sequential Method. The majority of practical 
systems so far demonstrated have used the sequential method 
because it leads to a simpler and less expensive receiver than 
simultaneous transmission. At the transmitter the camera 
views the scene through a rotating disc which carries three 
sets of colour filters, one for each primary colour. At the 
receiver the image produced on the picture tube is viewed 
through a similar filter disc which is kept in synchronism with 
its counterpart in the transmitter by a special synchronizing 
signal. It will be noted that ordinary cameras and picture 
tubes (as employed for black and white transmission) could 
be adapted to this method. 

This system has been developed to an advanced form by 
the Columbia Broadcasting System. . The C.B.S. equipment 
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demonstrated in 1940 was designed to occupy the same band¬ 
width as the standard (525 line) transmission by reducing the 
line frequency from 2621 to 187i per frame (field) to compensate 
for the higher frame frequency (120 per second) needed to 
remove colour flicker. Successive frames were scanned in the 
sequence, red, blue, green, red, and so on; moreover, alternate 

--RED {}Nratien No.2B) 



Fig, 11.3a. The C.B.S. Colour Disc 
iCourtesy of the T.R.B.) 


frames were interlaced in the usual manner, so that the com¬ 
plete picture cycle required six frames and occupied i== -o 
sec. The colour discs used carried two sets of filters and were 
rotated at 1200r.p.m. The type of disc employed is shown 
in Fig. 11. 3a. The speed was maintained at the correct value 
by comparing the output voltage of a small generator driven 
from the same shaft as the colour disc with a 120 c/s wave 
derived from the time base in a frequency-discriminator circuit 
whose output voltage (representing the speed error) was used 
to operate a magnetic brake in such a manner that the latter 
tended to '‘zero” the error. Correct phasing of the disc was 
achieved by inserting a train of 90 kc/s pulses after the equal¬ 
izing pulses terminating the red framing signal and using it 
at the receiver to lock .the magnetic brake if the colour disd 
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fell out of phase, thus allowing it to change speed in such a 
direction as to move back into the correct phase relationship. 

More recently (1946) C.B.S. have demonstrated a similar 
system having a 10 Mc/s bandwidth instead of the 6 Mc/s band 
occupied by the earlier equipment. The frame rate and scan- 
ning sequence were the same as before but the number of lines 
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Fin. 11.3b. The C.B.S, Colour Projection System 


per frame had been increased to 262|. The wide bandwidth 
lead to the choice of 485 Mc/s for the vision carrier. A signi¬ 
ficant innovation was the method of sound transmission; 
pulses of frequency modulated R.F. signal having a central 
frequency equal to that of the carrier were inserted into the 
line synchronizing periods. Two receivers were demonstrated, 
one having a directly-vie wed tube and the other a projection 
tube. The latter was used with a cup form of colour disc of 
the form shown in Fig. 11.3b. 
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Main (C \ 
Carrier 


Fig. 11.4a. The R.C.A. Simxjltaneous Colour Transmitter 
(Courtesy of the I.R.S!.) 










COLOUR TELEVISION 


301 


11.4, The Simultaneous Method. A demonstration of the 
simultaneous method of transmission has been given recently 
by the Radio Corporation of America. In this method there 



Fia. 11,4b. Schematic of Rf:ceiver for Sigistal of Sub-carrier Type 

{Courtefsy of the I.R.E.) 


is a choice between the use of three independent carriers 
occupying adjacent channels or of a main carrier modulated 
by three sub-carriers each of which is modulated by one of the 
three video signals (red, green, blue) to be transmitted. The 

Flying Spot Projection Condenser 

Red 


Green 


Blue 

Fig. 11.4c. The Colour-seide Scanner 
{Courtesy of the I.R.E.) 

latter was chosen for convenience in the R.C.A. equipment, and 
the arrangement of signal spectra and transmitter and receiver 
units used are shown in Figs. 11.4a and 11.4b. The scanning 
unit employed for film transmission is shown in Fig. 11.4o. 
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The moving colour film or stationary slide is scanned by 
light from a small cathode-ray tube and the coloured light 
emerging from the transparency is focused through a dichroic 
be,am-splitter on to three photocells, one supplying each video 
channel. The two mirrors in the beam splitter are coated with 
material which reflects one of the three coloured components 
efficiently and allows the remaining component(s) to pass. 
Recombination of the three video signals at the receiver is 
achieved by using three projection tubes (‘'Trinoscope”) 



Fto. 11.4t). Ahrangement of the Projection System in 

THE KECEIVEJt 


together with a lens system which superimposes the three 
coloured images (see Fig. 11.4 d). An important feature of the 
entire system is the use of a restricted bandwidth (l-3Mc/s) 
in the blue channel by comparison with that in the green and 
red (4-5 Mc/s each) in order to economize in total bandwidth. 
The green channel above is claimed to provide a satisfactory 
picture on a normal single channel (black and white) receiver, 
in which respect the system offers an advantage over the 
sequential method. 

In view of the complexity of the receiver and triple-tube 
assembly of the present R.C.A. system, it is worth while con¬ 
sidering possible simplification. The final work of the late 
J. L. Baird, who was the first to achieve practical colour 
television in 1928, was along these lines. His use of a two-colour 
(red and blue-green) system is comparable to the restriction 
of the blue signal in the R.C.A. system. Moreover, this step 
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allowed the use of the ingenious idea of producing the red 
and blue-green images side by side on a single tube. His 
method of combining the two images was similar to that 
adopted in the Trinoscope, and is shown in Fig. 11. 4e. Baird 


Filters 



Fig. 11.4e. JIaird’s Kinag Colour Receiver Projection System 


also developed a multiple-beam picture tube (the “Tele¬ 
chrome’') in which the separate coloured images could be 
directly superimposed. In the two-colour tube the fluorescent 
screens were deposited on opposite sides of a thin transparent 


Electron Bean 



- Red Screen 

Transparent 
Mica Mount inj^ 
Plate ^ 


(i) 3-coloupTube (ii) 2-colour Tube 

Fig. 11.4f. Baird’s Telechrome Tubes 



mica sheet, each side of which was scanned obliquely by separate 
beams arranged one on either side of the double screen. The 
mica mounting plate in the three-colour tube is corrugated to 
allow two distinct screens to be carried and a third gun is 
added, as shown in the diagram, Fig. 11. 4f. The composite 
screen can be viewed from one side only because from the 
other side the image will appear reversed. 
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11.5. Comparison of the Two Methods. In fidelity of colour 
reproduction and overall bandwidth required there is Httle 
difference between the two methods of transmission. Apart 
from the complexity of the receiver needed for simultaneous 
reception of three separate images and the greater difficulty 
of adapting the sequential method to natural colour or black 
and white reproduction at will, the significant differences 
between the two techniques arise from the fact that in the 
simultaneous system the three images co-exist, whereas in the 
other method, the images are presented separately in rapid 
sequence. As a result the one suffers from the difficulty of 
achieving accurate colour registration while the other may 
exhibit colour flicker, colour fringing, and colour break-up 
(when the eyes of the viewer are rapidly shifted). The possi¬ 
bility of achieving three times the brightness in the simultaneous 
method, other factors being equal, is outweighed at present by 
the need to use projection tubes. 

At present it is considered more useful and realistic, both 
here and in the U.S.A., to extend the use and improve the 
quality of black and white transmission. In the meantime, 
colour television development, although on a limited scale, 
may lead to improved methods of picture presentation at the 
receiver which will resolve the choice between the simultaneous 
and sequential methods before it becomes desirable to formulate 
colour transmission standards. 
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APPENDIX I 


MATHEMATICAL NOTES 

Al.l. Fourier Series Representation of Some Common Wave¬ 
forms. In each case 0 will be written for 27r/^, 

( TT -= 3*142, 

/ denotes the fundamental frequency in cycles per 
second and is constant, 

t denotes time in seconds and is continuously in¬ 
creasing, 

and a, A for instantaneous and peak-to-peak amplitudes 
respectively. 

In cases (1) and (2) the wave is symmetrical about a = 0, 
i.e. the direct component is zero. 

(1) The Symmetrical Square Wave 
Positive- and negative-going portions of equal duration. 

{a) ^ = 0 at centre of positive-going half-cycle. 

2 

a ~ — A(co8 0 — \ cos W ^ cos 50 — . . .) 

7T 

{b) f — 0 at leading edge of positive-going half-cycle. 

2 

a — - A(sin 0 I sin 30 + J sin 50 . . .) 

7T 

(2) The Triangular Wave 

(a) Positive- and negative-going portions of equal duration, 
^ = 0 at beginning of negative slope, i.e. at positive vertex. 

a == I A^ (cos 0 + cos 30 -f- cos 50 + . . .) 

(6) Negative-going portion of zero duration. 

^ = 0 at centre of positive slope. 

a = A^ (sin 0 — | sin 20 -f- J sin 30 ~ . . .) 
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(3) The Square Pulse Wave 
All pulses entirely positive; a = 0 between pulses. ^ = 0 
at centre of pulse. 

2 ^ I 

, a — a*A + - A S - sin ustt cos nd 

cb 

where ^ ~ ^ ^ being the angular pulse width, 

Ztt 

T 

or ~ T being the pulse duration and T the wave period. 

and ^A is the direct component. 

For plots and tables of relative amplitudes of harmonics, see 
Radio Engineers' Handbook, p. 22, F. E. Terman, McOraw 
Hill (1943); D. L. Kerr, Electronics for Engineers, p. 220 (edited 
by J. Markus and V. ZelufF), McGraw Hill (1945). 


A1.2. Transient Response of Simple Networks. In all the 

cases considered the applied force is assumed to be of step 
form. The step will have amplitude E volts or I amperes 
from ^ 0 onwards. Expressions given for component currents 

and p.d.’s are all zero for ^ < 0. {e (the “exponential”) 
= 2-718). 


(1) C AND R IN Series. 




w 

_ «/Cfi 

R 


Voltage Excitation (Fig. 2.3b) 


ec = E-iR = E(1 - e- = 0-632Ej ^ 


CR 


(2) L AND R IN Series. Voltage Excitation (Fig. 2.3b) 

i ^ (1 - 


eji = iR = E(l- e- = 0-6Z2E\ 

ec = E-iR=^ Ee -‘ = O-SGS^^ 


LjR 


(3) C AND R IN Parallel. Current Excitation (Fig. 2.3c) 
= 7(1 _ e-«/ci*) = 0-632/ 'j 

= ijiR = IR(l — — 0-6327i2| when t = CR 

ic = I — iii — = 0-368/ j 
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(4) L AND R IN Parallel. Current Excitation (Fig. 2.3c) 
/(I - ^ 0*632/ \ 

hi ^ I ~~ ij~ — 0*368/ 1 when t =- LjR 

ej,^ijiR=^-JRe^^ =. 0*368///] 

Cl - 

For tabulation of exponentials see Terman, loc. cit., p. 15. 

A1.3. Gain and Impedances of Basic Valve Circuits. The 

following results assume linear operation of the valve and no 
grid current flow. All H.F. effects are ignored and loads are 
assumed to be perfectly resistive. 

The valve characteristics are specified by— 
fi (amplification factor) 
and r (anode a.c. resistance). 

(1) Normal Amplifier (Grid input—anode output) 

Gain : + -^i) 

Output Impedance: rRJ(r + ^i) 
where R^ is the anode load. 

(2) Cathode Follower (Grid input—cathode output) 

Gain: + (/^ + 1 )^ 2 } — /^/(/^ + 1) 

Output Impedance : r/Zg/l^ + (/^ + l)/^ 2 } 

where //g is the cathode load, 

(3) Grounded-grid Amplifier (Cathode input—anode output) 

Gain: (// -j- l)RJ[r + + (/W + 

Input Impedance: 

+ 1 )} 

^2 + {(^ + ^i)/(/W +1)} 

Output Impedance: 

i/i{r + R^{^ + l)}/{^ -+- /?! + //gCjW +1)} 
where R^ is the anode load and R^ the cathode load. 

A1.4. Electromagnetic Deflection. 

(1) An electron set in motion with speed v (centimetres per 
second) in a magnetic field of strength H (oersted) and in a 
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direction initially perpendicular to the flux of the latter, moves 
in a circle of radius 


mv 


centimetres 


where e, m are the charge (in coulombs) and mass (in grammes) 
of the electron. 

(2) For the case of electromagnetic deflection of the beam 
of a cathode-ray tube 

d — (approximately) 

where d ~ displacement of spot on screen, 

D — distance from inductor centre to screen, 

I — length of deflection inductor, 
e, m, H, V are as before, 

and V is proportional to the square-root of the final anode 
voltage. 


A1.5. The Integration Method of Time-base Linearization. 

The difference between the exponential voltage change 
e = E{l~ 

and the continuation of its initial slope 



is proportional to the integral of the change itself, for 

which may be checked by expanding the exponentials into 
infinite series and performing the integration term by term. 
Hence integration of the voltage change provides a suitable 
linearity correction voltage. 

A1.6. Magnitudes and Phase Angles of Coupling Impedances. 

(1) Resistive Load (jB) with Paeallel Stray Capaci¬ 
tance (C) 

Magnitude; Rjy' 

Phase angle: tan“^(coC'JB) 
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(2) As (1), WITH H.F. Compensating Inductor {L) in 
Series with R 
Magnitude: 

+ {ioCRY)-\ 

Phase angle: tan-i ^ {(1 - m'^LC)L - CR^} 


(3) As (1) WITH Inductor (L) in Parallel with R and C 
Magnitude: y[l/{( 5 ) + 


Phase angle: 


tan“^ 



A1.7. Wideband Amplification. The gain of a high- 
impedance valve operating into a two-terminal parallel-resonant 
network (see § Al.6, (3) ), whose maximum impedance is R at 
resonance, is given by gR, where g is the mutual conductance. 
It can be shown that the bandwidth of such a stage (between 
“ 3 db points, as is usual) is A/= IfiirRC. The gain-band¬ 
width product criterion of the performance of the stage is, 
therefore, 

^f.gR^ gRl2rrRC = gl^irC 


A1.8. Frequency Components of Modulated Waves. 

(1) Amplitude Modulation 
An amplitude-modulated wave may be represented by— 
«Mc = + K sin 27rf^t) sin 27Tfct 

where ~ instantaneous amplitude of the carrier, 

Aq = maximum amplitude of the unmodulated carrier, 
kj^ = maximum fractional amplitude change of the 
carrier due to modulation, 

77 = 3-142, 

= modulation frequency, 

= carrier frequency, 
t = time, 

0 (subscript) denotes the carrier, 
and M (subscript) denotes the modulation. 
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This expression can be resolved into three components— 

(i) the carrier; sin 

(ii) the upper sideband : ~ cos 27r(/(; +/m)/, 

(hi) the lower sideband : + cos 27r(/(; f^)t. 


(2) Frequency Modulation 
A frequency-modulated wave may be represented by— 


where the 


Mc = Ac sin sin 

modulation index,’’ is the ratio of maximum 
carrier frequency change to the modulation frequency, i.e. 

Ky — f 
JM 

as before. 


and the other symbols have the same significance 


This expression can be resolved into— 

(i) the carrier Jo(A;p) . A^^r sin 27r/^/ and 

(ii) an infinite number of pairs of sidebands, thus— 

+ Ji(*F)A( 7 fsin (27r/e< + 277/^0 — sin {^nfct— 2-iTf^t)} 

+ J 2 (i:F)Ae{sin {2Trfct + + sin (27r/e< — 47 t/m<)} 

+ J3(*F)Ac{sin {2nfct + - sin (2nfct- 

. . . and so on. 


The Bessel coefficients Jn(A;F) have been tabulated in Refer¬ 
ence Data for Radio Engineers, p. 172, W. L. McPherson, 
Standard Telephones & Cables, Ltd. 


(3) Pulse-width Modulation 
When <f> (or t) in the expression for the square-pulse wave 
given in Al.l, (3), is very small compared with 2^7 (or T), so 
that 5 < 1, the expression reduces to— 

a = 2sA(\ -+- S cos nQ) 

n = 1 

For sinusoidal modulation of the pulse width at frequency f^ 
the pulse width varies in the manner— 

T = Tq(1 -(- k^^ cos 27rfyf), 

where k^ is the maximum fractional change of pulse width. 
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Substitution of this result in the first expression gives— 

a = 2A ^ (1 + ('2 + ^ + • • •) 


which contains the constant component A 
modulation 


the original 


A (1 4- Jcw cos 277 /j^O 

and all the components of the original pulse wave, each carrying 
the modulation. To allow the latter components to be removed 
by a low-pass filter, thus leaving only the constant and modu¬ 
lation components, the pulse recurrence frequency must exceed 
twice the highest modulation frequency required. 


A1.9. Polar Diagrams. 

(1) Of a half-wave dipole in free space (i.e. unaffected by 
the earth’s surface). The ''form factor” for the plane con¬ 
taining the dipole is 



where 0 is measured from the axis of the dipole. 

(2) Of a half-wave dipole and half-wave reflector both in 
free space and separated by a quarter wavelength. The currents 
in the two elements are assumed to be equal in amplitude but 


" different in phase. In this case 

F' = F X cos (sin 0 cos 0—1) 


where F is as given in (1) 

above, 6 is measured as be- 

fore, and 0 is measured in the \ 

perpendicular plane, as shown Ref ~ 

in Fig. A2.9. Fm. A 1.9 


TX 


Al.lO. Characteristic Impedances. of Transmission Lines. 

The characteristic impedance of a transmission line at very 
high frequencies (where the series resistance of the conductors 
is negligible compared with their inductive reactance, and the 
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parallel capacitance is very small compared with leakage 
resistance) is given by 



where L and C are the inductance and capacitance per unit 
length respectively. 

For twin similar conductors in air 

S 

276 logiQ - ohms, 

where S is the spacing between the centres of the conductor 
and r is their radius. 

For a coaxial line with an air dielectric 

T 

2 o = i . 276 login T 

where is the inner radius of the outer conductor and is 
the outer radius of the inner conductor. 

For dielectrics whose constant (‘'permittivity’’) is not unity 
the last two expressions must be divided by the square root 
of the constant. The permittivity of polythene is about 3. 
The “electrical” length of the feeder is reduced in the same 
proportion, namely to 0*64 of the physical length in the case 
of polythene. 
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Aberration— 
chromatic, 86 
spherical, 86-9, 101 
Abney’s colour classification, 292 
Accelerator of C.R.T., 15, 66-7, 71 
Achromatic Corrector, 89 

A. C. modulation, 20-1, 30 
Aerial— 

equivalent circuit of, 260 
Hertz type, 260-1 
maintenance, 275 
systems, 272-6 
Afterglow, 89 

Alignment of signal circuits, 279-82, 
291 

Aluminium-backed screen, 86 
Amplifier-type separators, 154-7 
Amplitude— 

control, scan, 122-3, 231-2, 241-2 
filter, 149 

Anti-implosion net, 70 
Aspect ratio, 12, 70 
Aspheric correcting plate, 89-91 
Astigmatism, 86 
Automatic— 

frequency control, 254 

and phase control, 150-1, 165- 
70, 252 

gain control, 173, 195-6, 252, 254-5 

Back porch, 18 
Baird— 

colour television, 302-3 
“Grosvenor” receiver, 226-7 
Bandpass couplings, 191-3, 233 
Bandwidth— 
of dipole, 262-3 
sound receiver, 215 
video signal, 13 
Barrel distortion, 84 

B. B.C. resolution pattern, 283 
Beam— 

bender, 257 (see also under Ion 
trap) 

trap (see Ion trap) 

Bifilar winding of C.R.T. heater, 71 
Black border, 19 
level, 17 
Blankintr, 11, 16 

Blocking oscillator, 112-6, 236, 248 
Blumlein’s method of linearization, 
134 236 

Boost! H,T., 126, 249, 267 


Bootstrap- 
circuit, 58 
V.F. coupling. J 84 

Bridged-T sound rejector, 200-1, 236, 
239, 255 
Brightness — 

control, 71-2, 94, 231-2, 235 
level, 20-3, 48 

Brilliance control (see Brightness 
control) 

Cathode— 

Feedback sound rejectors, 201, 233, 
241- 2, 245-6 

follower, 53, 56-7, 59-61, 117^ 121, 
156, 307 

input amplifier, 53-5, 59, 60,61,307 
of C.R.T., 15, 66-7, 71 
Cathode-coupled— 

amplifier, 59-60, 61, 117, 157, 183 
multivibrator, 117 

Cathodeon picture generator tube, 
284-6 

C.B.S. colour systems, 297-9 
Centring control, 103, 122, 126, 232, 
248 

Characteristic impedance of feeder, 
268, 311-2 

(’hromatic aberration, 86 
Chromaticity diagram, 295-6 
Colour— 
discs, 297 -8 
filters, 297-8 
flicker, 298, 304 
fringing, 304 

slide scanner, R.C.A., 301 
triangle, 294 

Complementary colours, 293-4 
Contrast control, 204, 231, 232, 233 
Correcting networks, linearity, 128- 
130 

Correcting plate, Schmidt aspheric, 
89-92 

Cosspr Type 902 receiver, 70, 228 
Coupling impedance formulae, 308-9 
CPS Emitron, 27 

C. R.O., use of, 280-2, 289-91 
Curvature of field, 89 
Cylindrical lens mosaic, 93 

Damping of flyback, 125-6 

D. C. component, 20, 32, 33, 48-61, 
145, 163, 173 
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D.C. modulation, 20-1 
restoration, 23, 48-51 
De-emphasis, 220-1 
Definition, 9-12 
Deflection defocusing, 84-5 
Deflector inductor— 
saddle, 80-1 
toroidal, 83 
Detector video— 

push-pull type, 187-8 
voltage-doubler type, 187-8 
Dichroic beam splitter, 301 
Differentiating transformer, 47, 236 
Differentiation of synchronizing sig¬ 
nal, 157-8 

Differentiator, 44, 45, 47 
Diode— 

flyback damper, 125-6 
frequency changer, 204-5, 241-2 
synchronizing separator, 152-4 
Dipole— 

bandwidth, 262-3 
folded, 263, 272-3 
impedance, 261-2 
polar diagrams, 263-4, 311 
V and I distribution, 261-2 
use as broadcast aerial, 273-4 
Discriminator— 

Foster-Seeley, 218-20, 245-6 
phase, 24, 150, 168, 255 
Dissector, image, 9 
Distortion— 
barrel, 84 
phase, 36, 180-1 
pincushion, 84 

Ekoo TS46 receiver, 236-9 
E-layer reflection, 277 
Electrostatic voltmeter, use of, 289 
Element, picture, 9, 12 
Emission, secondary, 5, 9 
Emitron, 4-7 
CPS type, 27 
Super-, 9 

Equalizing pulses, 19, 243 
Equipotentials, 62, 63, 71 
Even frames, 11, 18, 141-3 
Exponential— 

charge, 105, 128, 306 
flybtick, 102 
wave, 32 

Fairhurst— 

ignition suppressor, 215-6, 240, 
242 

synchronizing separator, 163-4 
Feeder— 

characteristics, 270 
characteristic impedance, 268, 311- 
12 


Feeder— 

commercial forms, 269-71 
construction, 269-71 
effects of mismatching, 267 
equivalent circuit, 268 
matching, 266-7 
Field, 11 

Fleming’s Left-hand Rule, 64-5 
Flicker, 11 

colour, 298, 304 
Flyback— 

damping, 124, 125, 126 
energy recovery, 124-6 

E.H.T., 249-57 
exponential, 102 
frame, 10, 16 
line, 10, 16 

pulse, 79, 120, 121, 123 
Flywheel synchronization, 146-50 
Fluorescent screen, 14, 15, 67, 56, 
I 85-6, 101 

i F.M. (see Frequency modulation) 

! Focus control, 231-2 
I Focusing— 

assembly, 78, 103 
inductor, 75-9 
current supply, 94 
electrostatic, 63, 100 
magnet, 75-8, 100-1 
main, 64-7, 72-9, 101 
sleeve, 78 

Folded dipole, 263, 272-3 
Foster-Seeley discriminator, 218-20 
245-6 

Fourier analysis, 33-4, 60, 305-6 
Frame, 11 

flyback, 10, 16 
scan, 10 

Framing signal, 19 
integration of, 160 
Frequency— 
assignments, 27 
changers, 201-8, 241-2 
modulation— 

demodulators, 218-20 
receiver schematic, 221 
reception, carrier difference 
method, 221-2 
sound receivers, 216-22 
Front porch, 18 

F.W. multipliers, 98 

Gain control— 

automatic, 173,195-6, 252, 254,255 
manual, 194—5 
Gain formulae, 307 
Gap plates, 78 

Germanium crystal D.C. restorer, 256 
Ghost reception, 273 
Greinacher full-wave doubler, 98 
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Grid— 

control ratio, 108 
C.R.T., 16, 66-7, 71 
“Grosvenor’* receiver, Baird, 226-7 
Grounded-grid amplifier (see Cathode 
input amplifier) 

Harmonic— 

analysis, 33-4, 60, 305-6 
components of synchronizing sig¬ 
nal, 145 

interference, I.F., 202 
Hard valve discharge circuits, 111- 
9 

Hawkin’s linearity correcting net¬ 
works, 129-30, 241-2 
Height control, 231-2 
Hertz aerial, 260-1 
H.M.V. projection receiver, 230 
Hold controls, 102-3, 231-2 
H.T. boost, 126 

H. W. Multipliers, 99-100, 101 

Iconoscope, 4 
Multiplier, 9 

I. F.— 

choice of, 201-2 
harmonic interference, 202 
Ignition— 

interference, 264 

noise suppressors, 155, 173, 184, 
215-6, 236 
Image— 
dissector, 9 
formation, 86-8, 101 
magnification, 88 
Orthicon, 9 
Immersion lens, 71 
Impedance formulae— 
coupling, 307 
valve, 308-9 
Implosion, 70 
Impulse, 34 
slope, 35 
step, 34-5 

Index, modulation, 310 
Integration of framing signal, 159- 
61 

Integrator, 46-8, 106 

correcting networks, 128-30, 308 
Interlacing, 11, 141-3 
Ion— 

spot, 70, 86 
trap, 70, 86, 257 

Lens— 

aberrations, 86, 101 
immersion, 71 

Lenses, mosaic of cylindrical, 93 
Limiting amplifi^ers for F.M. recep¬ 
tion, 217-8, 266 


Line— 

flyback, 10, 16 
scan, 10 

Linearity control, 232 
Linearization by Feedback, 133-6 
Linearizing valve, 130-3 
Local oscillator frequency, choice of, 
202-3 

Magnet— 
focusing, 75-8 
ring, 75 

Magnification, 78, 86-8 
Manual gain control, 194-5 
Mask, C.K.T., 70, 232 
Masking signal, 6 
Matching of feeder, 266-7 
“Microlens” screen, 93 
Micron unit, 292 

Miller-Blumlein integrator, 131-3 
Miller effect, 131, 197 
Mirror— 

45°, 70, 89, 92, 226 
spherical, 86, 87-9, 101 
Mismatching of feeder, 267 
Mixer— 

I suppression, 24-5 
! synchronizing, 24—5 
j Mixing in frequency changers, 203-8 
Multipath reception, 264 
Multiplier iconoscope, 9 
Multipliers, voltage, 98-101 
Murphy— 

method of linearization, 135 
VI14, 116 receivers, 214, 229, 238- 
43 

Multivibrator, 32, 112, 115-7 
Modulation— 

A.C., 20-1, 30 
D.C„ 20-1 

negative and positive, 17 
Monoscope, 284, 291 

Negative feedback method of linear¬ 
ization, 133-6 
Negative modulation, 17 
Neutralized triode amplifier, 210-1 
Newton’s colour experiments, 292-3 
Noise, 206, 208-11 

characteristics of A.M. and F.M. 
receivers, 220-1 

Odd frames, 11, 18, 141-3 
Operation of vision receiver, 231-2 
Optical—- 

lens aberrations, 86, 101 
projection systems, 86-93, 101 
Orthicon, 9 
Image, 9 
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Oscillator frequency, choice of local, 
202-3 

Oscillators, relaxation, 112, 149 

Pattern generator, use of, 289, 291 
Pedestal, 18, 19, 24 
Persistence of vision, 3, 10, 293 
Phase- 

discriminators, 24, 150, 168, 255 
distortion, 36, 180-1 
Philco Model 48-1000 receiver, 253-7 
Phosphors, 85-6, 101 
Picture— 

element, 9, 12 

generator tube, Cathodoon, 284-6 
monitor, transmitter, 24 
signal leakage over synchronizing 
separator, 113, 155 
tube, 14, 66-70 
Pincushion distortion, 84 
Polar diagrams, aerial, 263-4, 311 
Polarity of synchronizing signal, 143-5 
Polarization of aerial, 258, 272 
Porch, back and front, 18 
Positive modulation, 17 
Pre-emphasis, 270-1 
Pre-focusing, 71 

Projection tubes, 69, 89-94, 101, 226 
Propagation, 276-7 
Protective glass screen, 226-7 
Pulse modulation, 27, 241, 225 
analysis of, 310-1 
Pulse recurrence— 
frequency, 141, 222 
rate, 141 
Pye— 

B16T receiver, 27, 214, 223-5 
“ Videosonic” sound system, 229, 
233-6 

Quadrature networks, 167 

Radiometal laminations, 127 
Raster, 16, 102-3 
R.C.A.— 

colour system, 300-2 
combination console receiver, 251-3 
1" table receiver, 243, 245-9 
Reactance— 

control valve, 167, 262, 264 
scanning, 126, 138 
Receiver defects, 287-91 
Recurrence frequency, pulse, 141, 222 
Recurrence rate, pulse, 141 
Reflection— 
of radio waves, 264 
optical, 86-7, 101 
Reflector, 264-6 
Refraction— 
of electrons, 63 


I Refraction— 

of radio waves, 277 
optical, 86 

Relaxation oscillators, 112, 146, 149 
Resistance-tuned sound filters, 200-1 
Resolution (see Definition) 
Resolution Pattern, 282-6 
283 

Cathodeon, 286 
generator, Ekco, 284 
generators, 282-4 

Resonant frame-signal separators, 
164-5, 241 2 

R.F. oscillator E.H.T. supply, 96-7, 
101 

Rhometal laminations, 127 
Ringing on flyback, 123-4 
Ring magnet, 75 
Rubber mask, 232 

Saddle inductor, 80-1 
Sawtooth — 

current oscillators, 136-9 
voltage generators, 103-20 
wave, 15, 102, 139, 305 
Scan amplitude control, 122-3, 231-2, 
241-2 

Scanner, colour slide, 301 
Scanning pattern constants, 12 
Schmidt aspheric correcting plate, 

! 89-92 

Screen, fluorescent, 14-5, 67-8, 86-6, 
101 

Second-channel interference, 203 
Secondary emission, 5, 9 
Seeley-Foster discriminator, 218-20, 
245-6 

Separation— 

of frame signal, 159-65 
of line signal, 167-8 

CR circuit, 38-9, 41, 306 
LR circuit, 39-40, 41, 306 
CLR circuit, 42-3 

Setting up of vision receiver, initial, 
279 

Shot noise, 209 

Signal generator, use of, 279-82 
Signal-Noise Ratio, 66, 208-11 
Single - sideband transmission, U. S., 
13, 171-2 

reception of, 174, 193-4, 199 
Sleeve, focusing, 78 
Slope— 
impulse, 36 
pulse, 35 

Sobell T107 receiver, 243 
Soimd— 

on picture, 206, 216 
receiver bandwidth, 215 
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Sound— 

signal rejectors, 19H-2()1, 233, 235, 
236-9, 241 2, 245 6, 282 
transmission, methods of modula¬ 
tion, 25, 213-4 
volume control, 232 
Spherical— 

aberration, 86-9, 101 
miiTor, 86-9, 101 
Splitter, vision-sound, 270, 272 
Sporadic E-layer refraction, 277 
Spotter circuit, 155, 173, 184-5 
Square— 

pulse wave, 32, 306 
wave, 32, 305 

Staggered tuning, 190-1, 233 
Staircase wave, 37, 140 
Straight v. superhet reception of 
vision signal, 173-4 
Super-Emitron, 9 
Suppressor-grid control, 195 
Suppressors, noise, 155, 173, 184, 

215-6, 236 

Suppression mixer, 24-5 
Surge impedance, 268, 311-2 
Synchroni zation— 

flywheel method, 146-50 
trigger method, 119, 120, 140, 145- 
51, 159 

of oscillators, 145-7 
of sawtooth generators, 119-20 
of transmitter and receiver, 16-20 
Synchronizing— 
mixer, 24 

pulses. 16, 17, 18, 19, 24 
signal constants, 19 
signal— 

harmonic components of, 145 
polarity, 143-5 
synthesis, 140-5 
separators, diode type, 152 -4 
amplifier type, 154-7 

Telechrome tubes, 303 
Thermal agitation voltage, 209, 210 
Tilted wire aerial, 275-6 
Time— 

bases, 15, 16, 102-39 
constant, 39, 105 
Toroidal deflector inductor, 82 
Transformer, line, 122, 126-7 
Transient— 

analysis, 34, 35, 60, 306-7 
response of networks, 36 
Transit time, 138 
Transitron, 112, 118-9 


Transmitter, complete, 22-5, 29 
Transpex, 90, 101 
Trap, beam (see Ion trap) 
Trapezoidal wave, 36 
Triangle, colour, 294 
Triangular wave, 35, 305 
I Trichromatic colour systems, 294—6 
Trigger method of synchronization, 
119, 120, 140, 145-51, 159 
Triode-hexode frequency changer, 
204-5 

Triode, neutralized, 210-1 
Trinoscopo, 302 

U.H.F. propagation, 276-7 
Unit construction of receiv’^er, 229- 
31, 239 

Unmodulated lines, 20 
U.S. channel frequencies, 27 

Vectorial representation of A.M. 
and F.M., 217 

Vestigial single-sideband transmis¬ 
sion, 171-2 
V ideo-frequency— 

amplification, 173, 174-84 
amplifier— 

coupling networks, 174-80 
H.F. compensation, 176-80 
phase and transient response, 
180-1 

L.F. compensation, 182-3 
i Video signal, 6, 12 
bandwidth, 13 
composite, 16-20 

“ Videosonic” system, Pye, 229, 233-6 
Vision, persistence of, 3, 10, 293 
Voltage doubler, 98 
type detector, 187-8 
Voltmeter, use of electrostatic, 289 
Volume control of sound receiver, 232 

Wave— 

square, 32, 305 
square pulse, 32, 306 
staircase, 37, 140 
trapezoidal, 36 
triangular, 35, 305 
Waveform— 

general description, 30-6, 305-6 
sawtooth, 15, 102, 139, 305 
Wave-shaping networks, 43-8, 60 
White level, 17 

Whistle in line transformer, 127 
Width control, picture, 231-2 
Wobbulator, use of, 280-1 





